BLM    LIBRARY 


88064974 


WHITE  RIVER  SHALE  OIL  CORPORATION 


N^ 


1982 

PROGRESS    REPORT 

ENVIRONMENTAL    PROGRAM 

WHITE   RIVER    SHALE     PROJECT 


PROGRESS  REPORT  q  ,3 


ENVIRONMENTAL  PROGRAMS 
-1982- 


6LM  Library 
D-663A,  Building  60 
Denver  Federal  Center 
P.  0.  Box  25047 
Denver,  CO  80£26-0047 


WHITE  RIVER  SHALE  PROJECT 
FEDERAL  PROTOTYPE  OIL  SHALE  TRACTS  Ua  and  Ub 


prepared  by 

White  River  Shale  Oil  Corporation 
115  South  Main  Street,  Suite  500 
Salt  Lake  City,  Utah   84111 


June,  1983 


TABLE  OF  CONTENTS 

Section  Page 

1.0  INTRODUCTION  1-1 

1.1  Purpose  1-1 

1.2  Background  1-2 

1.3  Summary  of  Results  1-5 

2.0  AIR  RESOURCES  2-1 

2.1  Introduction  2-1 

2.2  Summary  2-3 

2.3  Program  Description  2-5 

2.3.1  Air  Quality  Monitoring  Program  2-6 

2.3.2  Meteorological  Monitoring  Program  2-12 

2.3.3  Sound  Level  Measurement  Program  2-12 

2.3.4  Quality  Assurance/Quality  Control  Program  2-12 

2.4  Program  Results  and  Analysis  2-16 

2.4.1  Gaseous  Pollutants  2-16 

2.4.2  Background  Averages  2-36 

2.4.3  Climatic  Regimes  2-41 

2.4.4  Meteorologial  Data  2-43 

2.4.5  Sound  Levels  2-70 

2.5  References  2-74 

3.0  VEGETATION  RESOURCES  3-1 

3.1  Introduction  3-1 

3.2  Summary  3-2 

3.2.1  Production  of  Annual  Plant  Biomass  3-2 

3.2.2  Sagebrush  Leader  Growth  3-2 

3.2.3  Plant  Chemical  Composition  3-3 

3.2.4  Litterfall  Measurements  3-3 

3.2.5  Assessment  of  Animal  Utilization  of  Plants  3-4 

3.2.6  Lichen  Monitoring  3-4 

3.2.7  Plant  Condition  and  Stress  3-4 

3.2.8  Soil  Microbiology  and  Soil  Chemistry  3-5 


TABLE  OF  CONTENTS  (Continued) 

Section  Page 
3.0  VEGETATION  RESOURCES  (Continued) 

3.3  Program  Description  3-7 

3.3.1  Objectives  3-7 

3.3.2  Site  Locations  3-7 

3.3.3  Methods  3-9 

3.3.4  QA/QC  Program  3-9 

3.4  Program  Results  and  Analysis  3-10 

3.4.1  Production  of  Annual  Plant  Biomass  3-10 

3.4.2  Sagebrush  Leader  Growth  3-20 

3.4.3  Plant  Chemical  Composition  3-32 

3.4.4  Litterfall  Measurements  3-34 

3.4.5  Assessment  of  Animal  Use  of  Plants  3-47 

3.4.6  Use  of  Lichens  as  Biological 

Monitors  of  Air  Pollution  3-52 

3.4.7  Plant  Condition  and  Stress  3-65 

3.4.8  Soil  Microbiology  and  Soil  Chemistry  3-82 

3.5  References  3-95 

4.0  AQUATIC  BIOLOGY  4-1 

4.1  Introduction  4-1 

4.2  Summary  4-4 

4.3  Program  Description  4-8 

4.4  Program  Results  and  Analysis  4-16 

4.4.1  The  Physical  Environment  4-16 

4.4.2  Chemical  Environment  4-30 

4.4.3  The  Organic  Environment  4-36 

4.4.4  Primary  Producers  4-43 

4.4.5  Consumers  4-48 

4.4.6  Decomposers  4-58 

4.5  Special  Study-Metals  In  the  White  River  4-60 

4.5.1  Introduction  4-60 

4.5.2  Materials  and  Methods  4-62 

4.5.3  Results  4-64 

4.5.4  Discussion  4-73 


n 


TABLE  OF  CONTENTS  (Continued) 

Section  Page 
4.0  AQUATIC  BIOLOGY  (Continued) 

4.6  References  4-90 

4.6.1  Aquatic  Biology  Monitoring  4-90 

4.6.2  Metals  Study  4-91 

5.0  TERRESTRIAL  FAUNA  5-1 

5.1  Introduction  5-1 

5.2  Summary  5-2 

5.2.1  Soil  Invertebrates  5-2 

5.2.2  Foil  age  Invertebrates  5-2 

5.2.3  Amphibians  and  Reptiles  5-4 

5.2.4  Birds  5-4 

5.2.5  Mammals  5-5 

5.3  Program  Description  5-7 

5.3.1  Objectives  5-7 

5.3.2  Sampling  Locations  5-7 

5.3.3  Methods  5-7 

5.4  Program  Results   and  Analysis  5-11 

5.4.1  Soil   Invertebrates  5-11 

5.4.2  Foilage  Invertebrates  5-21 

5.4.3  Amphibians   and  Reptiles  5-48 

5.4.4  Birds  5-53 

5.4.5  Mammals  5-81 

5.5  References  5-103 

6.0  WATER  RESOURCES  6-1 

6.1  Introduction  6-1 

6.2  Summary  6-3 

6.3  Program  Description  6-6 

6.3.1  Surface  Water  6-6 

6.3.2  Bedrock  Aquifers  6-8 

6.3.3  Alluvial  Ground  Water  6-10 

6.3.4  Precipitation/Evaporation  6-10 

6.3.5  Quality  Assurance/Quality  Control  Program  6-11 


m 


TABLE  OF  CONTENTS  (Continued) 

Section  Page 
6.0  WATER  RESOURCES  (Continued) 

6.4  Program  Results  and  Analysis  6-14 

6.4.1  Surface  Water  6-14 

6.4.2  Bedrock  Aquifers  6-55 

6.4.3  Alluvial  Ground  Water  6-67 

6.4.4  Precipitation/Evaporation  6-73 

6.5  References  6-91 

7.0  SPECIAL  STUDIES  7-1 

7.1  Reclamation  Research  7-2 

7.1.1  Introduction  7-2 

7.1.2  Program  Summary  7-3 

7.1.3  Program  Description  7-7 

7.1.4  Program  Results  and  Analysis  7-8 

7.1.5  References  7-80 


IV 


LIST  OF  TABLES 

Table  Page 

2.3-1  Periods  of  Measurement  2-9 

2.3-2  Air  Quality  Monitoring  Equipment  by  Parameter  and  the  2-10 

Instrument  Detection  Limit,  Data  Precision,   and  Lower 
Limit  of  Data  Validity  During  1982 

2.3-3  Percentage  of  Time  Air  Quality  Parameters  Were  Moni-  2-11 

tored  During  1  January  -  31  December  1982 

2.3-4  Meteorological   Monitoring  Equipment  by  Parameter  and  2-13 

the  Instrument  Lower  Detection  Limit,  Data  Precision, 
and  Lower  Limit  of  Data  Validity  During  1982 

2.3-5  Percentage  of  Data  Recovered  for  Meteorological   Para-  2-14 

meters  During  1  January  -  31  December  1982 

2.4-1  National    and  Utah  Air  Quality  Standards  for  Gaseous  2-17 

Pollutants 

2.4-2  Monthly  Average  of  1982  O3  (yg/m^)  Compared  to  Base-  2-19 

line  Values 

2.4-3  Comparison  of  the  Seasonal   Highest  and  1-Hour  O3  Read-  2-21 

ings   (in  pg/m3) ,   as  well    as  the  Seasonal   Averages  at 
Sites  A4  and  A6  for  the  Baseline  Period   (1975-1976)   and 
1982 

2.4-4  Comparisons  of  the  Seasonal  Highest  and  Second  Highest  2-30 

1-Hour  and  8-Hour  Moving  Mean  CO  Readings   (in  mg/m^) , 
as  well    as  the  Seasonal  Averages   at  Sites  A6  and  A4  for 
the  Baseline  Period  (1975-1976)   and  1982 

2.4-5  Comparisons  of  the  Seasonal  Highest   and  Second  Highest  2-32 

1-Hour  N02  Concentrations   (yg/m^) ,   as  well    as  the 
Seasonal  Averages   at  Sites  A4  and  A6  for  1982  and  Site 
A6  for  the  Baseline  Period 

2.4-6  Comparisons  of  the  Seasonal  Highest  and  Second  Highest  2-33 

3-Hourly  and  24-Hourly-Averaged  SO2  Concentrations 
(yg/m3) ,   as  well    as  the  Seasonal   Averages  at  Sites  A6 
and  A4  During  the  Baseline  Period   (1975-1976)   and  1982 

2.4-7  Precision  and  Accuracy  of  the  TSP  Samplers  at  Sites  A6  2-35 

and  A4  During  1982 

2.4-8  Geometric  Means,  Standard  Geometric  Deviations,   and  2-37 

Maximum  and  Minimum  Particulate  Concentrations   (yg/m3) 
for  Baseline  Period   (1975-1976)   and  1982  at  Sites  A6 

and  A4 


LIST  OF  TABLES  (Continued) 


Table  Page 

2.4-9  Geometric  Means,  Standard  Geometric  Deviations,   and  2-38 

Maximum  and  Minimum  Particulate  Concentrations 
(yg/m3)   for  1982  at  Site  AlO 

2.4-10         National    and  Utah  State  Ambient  Air  Quality  Standards  2-39 

for  Particulate  Matter  (yg/mS) 

2.4-11         The  Annual  Averages   (yg/m3)   for  the  Gaseous  Pollu-  2-40 

tants   and  Annual   Geometric  Mean  for  TSP  During  the 
Entire  Period  of  Monitoring 

The  Monthly  and  Annual   Prevailing  Wind  Direction/Speeds  2-44 

(in  m/s)   at  Sites  A4,   A6,  AlO,  All   and  A13  During  1982 

Seasonal   Relative  Humidity  (in  %)    at  Site  A6  for  1982  2-61 

Compared  to  the  Baseline  Average 

Relative  Frequency  Distribution   (%)   of  Stability  2-65 

Classes  Using  Sigma-Theta  at  Site  A6  During  1982 

Classification  of  Atmospheric  Stability  Using  Sigma-  2-66 

Theta 

AT  Stability  Scheme  2-67 

Relative  Frequency  Distribution   (%)    of  AT  at  Site  A6  2-71 

for  1982 

2.4-18         Relative  Frequency  (%)   of  low  Wind  Speed   (<3.5  m/s)  2-72 

Combined  With  Very  Stable  (>1.5OC/100  m)  Atmosphere 
for  Each  Season   in  1982  at  Site  A6 

3.4-1  Biomass  Production  of  Annual  Vegetation.     Vegetation  3-11 

Type:     Shadscale   (ATCO) 

3.4-2  Biomass  Production  of  Annual   Vegetation.     Vegetation  3-12 

Type:     Juniper   (JUOS) 

3.4-3  Biomass  Production  of  Annual  Vegetation.     Vegetation  3-13 

Type:     Greasewood   (SAVE) 

3.4-4  Biomass  Production  of  Annual   Vegetation.     Vegetation  3-14 

Type:     Riparian 

3.4-5  Monthly  Precipitation   (cm)   for  the  1981-1982  Water  3-15 

Year  for  the  Oil   Shale  Tracts  Ua  and  Ub 

3.4-6  Biomass  Production  of  Annual   Understory  Vegetation  of  3-18 

Four  Primary  Vegetation  Types  During  1982  and  Compared 
with  Previous  Years 


VI 


2, 

.4- 

•12 

2, 

.4- 

■13 

2, 

.4- 

•14 

2, 

.4- 

■15 

2, 

.4- 

■16 

2, 

.4- 

•17 

LIST  OF  TABLES  (Continued) 


Table 
3.4-7 

3.4-8 

3.4-9 

3.4-10 

3.4-11 

3.4-12 

3.4-13 

3.4-14 

3.4-15 
3.4-16 


3.4-17 

3.4-18 
3.4-19 
3.4-20 
3.4-21 


Sagebrush  Stem  Length 
1982.  Site  1 

Sagebrush  Stem  Length 
1982.  Site  2 

Sagebrush  Stem  Length 
1982.  Site  3 

Sagebrush  Stem  Length 
1982.  Site  4 

Sagebrush  Stem  Length 
1982.  Site  5 

Sagebrush  Stem  Length 
1982.  Site  6 

Sagebrush  Stem  Length 
1982.  Site  7 


cm 


cm 


cm 


cm 


cm 


cm 


cm 


as  Measured  in  October 

as  Measured  in  October 

as  Measured  in  October 

as  Measured  in  October 

as  Measured  in  October 

as  Measured  in  October 

as  Measured  in  October 


A  Comparison  on  Sagebrush  Stem  Growth  Over  an  Eight 
Year  Period,  1975  to  1982  on  Sites  Related  to  Proto- 
type Oil  Shale  Tracts  Ua  and  Ub 

Two-Way  Analysis  of  Variance  Test  of  Sagebrush  Stem 
Growth  for  1975  through  1982 

Leader  Growth  Measurement  (cm)  of  Fourwing  Saltbush, 
Rabbitbrush,  and  Greasewood  from  Site  7,  October 
1982,  and  Comparison  Between  1981  and  1982  Fourwing 
Saltbush,  Sagebrush  and  Greasewood  Leader  Growth 

Comparison  of  1981  and  1982  Elemental  Analysis  of 
Sagebrush  Leaders  Collected  from  the  Seven  Sagebrush 
Leader  Growth  Sites 

General  Locations  of  Species  Receiving  Litterfall 
Catchments 

Results  of  Litterfall  Data  and  Size  Indices  for  Sage- 
brush (ARTR)  ,  1982 

Results  of  Litterfall  Data  and  Size  Indices  for  Four- 
wing Saltbush  (ATCA),  1982 

Results  of  Litterfall  Data  and  Size  Indices  for  Shad- 
scale  (ATCO),  1982 


Page 
3-21 

3-22 

3-23 

3-24 

3-25 

3-26 

3-27 

3-30 

3-31 
3-33 


3-35 

3-36 
3-39 
3-40 
3-41 


VII 


LIST  OF  TABLES  (Continued) 

Table  Page 

3.4-22    Results  of  Litterfall  Data  and  Size  Indices  for  3-42 

Rabbitbrush  (CHGR) ,  1982 

3.4-23    Results  of  Litterfall  Data  and  Size  Indices  for  3-43 

Hopsage  (GRSP) ,  1982 

3.4-24    Results  of  Litterfall  Data  and  Size  Indices  for  3-44 

Greasewood  (SAVE),  1982 

3.4-25    Results  of  Litterfall  Data  and  Size  Indices  for  3-45 

Juniper  (JUOS)  ,  1982 

3.4-26    Litterfall  Composition,  Total  Litterfall,  Size  3-46 

Indexes,  and  Total  Litter  per  Size  Index  for  Each  of 
the  Seven  Species  Studied  for  the  Period  June-October 
1982 

3.4-27    Comparisons  of  Litterfall  Data  for  1981  and  1982  3-46 

3.4-28    Results  of  the  Cole  Browse  Survey  Taken  in  June,  1982      3-49 

3.4-29    Summary  of  Ecological  Parameters  Measured  and  3-55 

Elemental  Analysis  of  Lichen  Tissue  and  Substrate 
Material 

3.4-30    Frequency  of  All  Lichen  Species  Encountered  Along  the      3-58 
SE  Transects 

3.4-31    Number  of  Samples  (Quadrats)  Needed  per  Stand  to  3-64 

Estimate  Total  Cover,  #  Spp/Quad,  Sulfur  Content  of 
Lichen  Thallus  and  Fluorine  Content  of  Lichen  Thallus 
Within  20%  of  the  Mean  at  a  90%  Confidence  Level 

3.4-32    Location  and  Characterization  of  Stressed  Vegetation       3-69 
Along  Two  Linear  Transects  Within  the  White  River 
Shale  Project  Area 

3.4-33    Monthly  Means  ("X  jf  S)  for  Chemical  and  Microbiological     3-84 
Characteristics  of  WRSP  Soils 

3.4-34    1982  Annual  Means  (I  +  S)  for  Chemical  and  Microbio-       3-86 
logical  Characteristics  of  WRSP  Soils 

3.4-35    Correlation  Coefficients  Linking  Chemical  and  Micro-       3-93 
biological  Parameters  Measured  for  WRSP  Soils 

4.3-1     Comparison  of  ERI  Values  for  Mineral  Analyses  With        4-14 
True  Values  for  Audit  Samples  Provided  by  the  U.  S. 
Environmental  Protection  Agency 


vm 


LIST  OF  TABLES  (Continued) 

Table  Page 

4.3-2     Comparison  of  ERI  Values  for  Nutrient  Analyses  With        4-15 
True  Values  for  Audit  Samples  Provided  by  the  U.S. 
Environmental  Protection  Agency 

4.3-3    Comparison  of  ERI  Values  for  Residue  Analyses  With        4-15 
Suspended_  and  Dissolved  Solids,  With  Mean  Recovery 
Values  (x)  for  Audit  Samples  Provided  by  the  U.S. 
Environmental  Protection  Agency 

4.4-1     Mean  Physical  Characteristics  of  White  River  Transects     4-18 
During  1981  and  1982 

4.4-2     Summary  of  Sample  Periods  and  Parameters  Included  in       4-23 
Statistical  Comparisons  (ANOVA) 

4.5-1    The  Heavy  Metal  Concentrations  in  the  Ecosystem  4-65 

Components  of  the  White  River,  Utah 

4.5-2    The  Concentrations  of  Metals  in  the  Various  Trophic       4-66 
Categories  in  the  White  River  on  4-25-82 

4.5-3     The  Concentrations  of  Heavy  Metals  in  the  Various  Fish     4-67 
Captured  in  the  White  River  on  4-25-82 

4.5-4     The  Net  Production,  Respiration,  and  Gross  Production      4-72 
Estimates  from  the  Control  and  Treatment  Chambers  in 
the  White  River,  Utah 

4.5-5    The  Soluble  Concentrations  of  Cu+2,  Cr+2^  and  Zn+2        4.72 
in  the  Experimental  Production/Respiration  Chambers  in 
the  White  River  Between  6-30-82  and  7-2-82 

4.5-6    The  Net  Production,  Respiration  and  Gross  Production       4-74 
Estimates  from  the  Control  and  Treatment  Chambers  in 
the  White  River,  Utah 

4.5-7    The  Soluble  Concentrations  of  Pb,  Cu,  and  Zn  in  the       4-74 
Experimental  Production/Respiration  Chambers  in  the 
White  River,  Utah  Between  11-3-82  and  11-5-82 

4.5-8     The  Concentrations  of  Cd,  Cr,  Cu,  Pb,  Ni,  and  Zn  for       4-77 
Various  Components  of  the  Aquatic  Ecosystem  from 
Selected  Studies 

4.5-9    The  Concentration  Factors  from  Water  into  Each  Major       4-78 
Component  of  the  White  River  Ecosystem 

4.5-10    The  Maximum  Observed  Concentrations  of  Selected  Metals     4-82 
in  Evacuation  Creek  and  the  White  River 


IX 


LIST  OF  TABLES  (Continued) 

Table  Page 

5.4-1    Months  in  Which  Abundances  (ind/s ample)  of  Soil  5-16 

Invertebrates  Belonging  to  Four  Trophic  Groups  Were 
Significantly  Higher  (p<0.05)  than  One  or  More  Months 

5.4-2    Transects  from  Which  Abundances  (ind/samples)  of  Soil      5-17 
Invertebrates  Belonging  to  Four  Trophic  Groups  Were 
Significantly  Higher  (p<0.05)  than  One  or  More  Other 
Transects 

5.4-3    Mean  Abundance  (ind/m3)  and  Biomass  (mg/m^)  of  5-25 

Foliage  Invertebrates,  and  Annual  Plant  Biomass 
(g/m3),  in  Four  Vegetation  Types,  1981  and  1982 

5.4-4    Vegetation  Types  and  Hostplants  Sampled  During  1981       5-26 
and  1982 

5.4-5    Total  Number  of  Individuals  Caught  in  1981  and  1982  in     5-27 
Nine  Functional  Groups  of  Foliage  Invertebrates 

5.4-6    Mean  Abundance  (ind/m^)  +_   Standard  Deviation  of  5-34 

Foliage  Invertebrates  on  Various  Hostplants  from  April 
to  October  in  1981  and  1982 

5.4-7    Family  Level  Richness  and  Shannon-Wiener  Diversity        5-36 
of  Foliage  Invertebrates  on  Various  Hostplants  from 
April  to  October  in  1981  and  1982 

5.4-8    Rankings  of  Abundance  (ind/m3)  of  Foliage  Inverte-        5-38 
brates  Collected  in  Sweep  Samples  of  Eight  Hostplants 

5.4-9    Rankings  of  Abundance  (ind/m^)  of  Foliage  Inverte-        5-40 
brates  Collected  in  Sweep  Samples  of  Four  Vegetation 
Types,  All  Hostplants  Together  and  Big  Sagebrush  Only 

5.4-10    Mean  Abundance  (ind/m^)  +  Standard  Deviation  of  5-41 

Foliage  Invertebrates  (aTl  hostplants  combined). 
Collected  in  Sweep  Samples  From  April  to  October  in 
1981  and  1982 

5.4-11    Mean  Abundance  (ind/m^)  +_  Standard  Deviation  of  5-42 

Foliage  Invertebrates  on  Big  Sagebrush  in  Different 
Vegetation  Types 

5.4-12    Family-level  Richness  and  Shannon-Wiener  Diversity  on      5-44 
Big  Sagebrush  in  Four  Vegetation  Types,  from  April  to 
October  in  1981  and  1982 

5.4-13    Bird  Species  of  the  Utah  Oil  Shale  Tracts  Ua  and  Ub  in     5-55 
1982 


LIST  OF  TABLES  (Continued) 

Table  Page 

5.4-14    Consuming  Biomass  (g/20  ha)  of  Avian  Foraging  Guilds       5-64 
in  February  1982  at  the  Federal  Prototype  Oil  Shale 
Tracts  Ua  and  Ub 

5.4-15    Consuming  Biomass  {g/20  ha)  of  Avian  Foraging  Guilds      5-65 
in  April  1982  at  the  Federal  Prototype  Oil  Shale 
Tracts  Ua  and  Ub 

5.4-16    Consuming  Biomass  (g/20  ha)  of  Avian  Foraging  Guilds       5-70 
in  June  1982  at  the  Federal  Prototype  Oil  Shale  Tracts 
Ua  and  Ub 

5.4-17    Raptor  Nests  Located  on  or  Near  the  Federal  Prototype      5-76 
Shale  Tracts  Ua  and  Ub  During  1982 

5.4-18   Waterfowl  Abundance  (individuals/river  mi )  Along  the      5-80 
White  River  From  Cowboy  Canyon  to  Asphalt  Wash  During 
7-9  April  1982 


5.4-19    Population  Parameters  (+^95%  confidence  interval)  for      5-91 
Rodents  in  Four  Habitat  Types  on  Utah  Oil  Shale  Tracts 
Ua  and  Ub 

5.4-20    Abundance  of  Mule  Deer  Seen  Along  Flushing  Transects      5-97 
in  1982 

5.4-21    A  Summary  of  All  Deer  Seen  (both  on  and  off  flushing       5-98 
transects)  On  or  Near  Utah  Oil  Shale  Tracts  Ua  and  Ub 
in  1982 

6.4-1    Evacuation  Creek  Near  Mouth,  Near  Watson,  Utah  (Sta.      6-19 
No.  09306430),  Mean  Daily  Discharge  (CFS),  October 
1981  to  September  1982 

6.4-2    White  River  Below  Asphalt  Wash,  Near  Watson,  Utah        6-22 
(Sta.  No.  09306700),  Field  Water  Quality  and  Suspended 
Sediment  Data,  October  1981  -  September  1982 

6.4-3    Evacuation  Creek  Near  Mouth,  Near  Watson,  Utah  (Sta.      6-26 
No.  09306430),  Field  Water  Quality  and  Suspended  Sedi- 
ment Data,  October  1981  -  September  1982 

6.4-4    Plant  Site  Wash  (Sta.  No.  09306602)  and  Southam  Canyon     6-29 
Wash  at  Mouth,  Near  Watson,  Utah  (Sta.  No.  09306610) 
Field  Water  Quality  and  Suspended  Sediment  Data, 
October  1981  -  September  1982 

6.4-5    White  River  Shale  Project:  Surface  Water  Monitoring       6-35 
Stations,  Water  Quality  Data,  October  1981  -  September 
1982 


XI 


LIST  OF  TABLES  (Continued) 

Table  Page 

6.4-6  Bedrock  Aquifer  Monitoring  Wells,  Static  Water  Levels,  6-61 

October  1981   -  September  1982 

6.4-7  Well   P-4,   Summary  of  Semi-Annual   Measurments  of  Depth  6-66 

to  Water  (feet  below  ground  surface).  Water  Years 
1978-1982 

6.4-8  Alluvial   Monitoring  Wells,  Static  Water  Levels,  6-68 

October  1981   -  September  1982 

6.4-9  Well   AG-6-1,  Water  Quality  Data,  May  21,   1982  6-70 

6.4-10         Alluvial  Water  Supply  Test  Well,  Water  Quality  Data,  6-74 

April   14,  1982 

6.4-11  Annual   Precipitation  for  Water  Years  1975-1982  6-75 

6.4-12  Seasonal   Precipitation  for  Water  Years  1978-1982  6-77 

6.4-13  Monthly  Precipitation,  October  1981  -  September  1982  6-86 

6.4-14  Seasonal   Precipitation,  October  1981  -  September  1982  6-87 

6.4-15  1982  Pan  Evaporation  at  Station  EVP-2  and  EVP-13  6-88 

7.1-1  Density  and  Percentage  Cover  of  Annual   Plant  Species  7-10 

and  Percentage  Litter  Cover  on  Shale  Disposal   Piles  at 
Anvil   Points,  Colorado,  June  1982 

7.1-2  pH,  EC  Elemental   Content  and  Saturation  Percentage  of  7-11 

Processed  Shale  Material    (Surface  1-2  cm)   on  the 
Annual   Plant  Succession  Study  Area  at  Anvil   Points, 
Colorado,  June  1982 

7.1-3  Summary  of  pH,  EC,  Elemental  Analyses  and  Saturation  7-16 

Percentage  of  the  Soil   Samples  Taken  From  the  South 
Soil   Trench  at  Anvil   Points,  Colorado,  June  1982 

7.1-4  Summary  of  pH,   EC  and  Elemental  Analysis  of  South  Soil  7-19 

Trench  at  Anvil   Points,  Colorado,  1981  and  1982 

7.1-5  Plant  Height  Measurements  for  the  South  Soil  Trench  7-21 

Plantings,  Basin  Plantings,  North  Soil  Trench  Plant- 
ings  and  Flat  Plantings  -  Anvil   Points,  Colorado. 
June  1982  and  October  1982 

7.1-6  Plant  cover  estimates  using  a  .25  m^  grid  for  the  7-23 

South  Soil  Trench  Plants,  Basin  Plantings,  North  Soil 
Trench  Plants   and  Flat  Plantings  -  Anvil   Points, 
Colorado,  June  1982,  October  1982 


xn 


LIST  OF  TABLES  (Continued) 

Table  Page 

7.1-7  Height  and  Cover  for  Plantings  for  the  Soil-Shale  7-25 

Micro-Environment  Study  -  Anvil   Points,  Colorado,  June 
1982 

7.1-8  Height  and  Cover  Estimated  for  the  Demonstration  7-26 

Planting  -  Anvil   Points,  Colorado,  June  1982 

7.1-9  Summary  of  Height,  Cover  and  Survival   of  Plantings  at  7-27 

Anvil   Points,   Colorado,   1979-1982 

7.1-10         Summary  of  Growth  of  Plantings  at  Anvil  Points,  7-31 

Colorado,  1979-1982 

7.1-11         Elemental   Analysis  of  Tissue  from  Plants  Growing  on  7-38 

the  Shale  Disposal   Pile  at  Anvil   Points,  Colorado 

7.1-12         Survival    and  Growth  of  Plants  in  the  Topsoil  Trench  of  7-43 

the  Oil  Shale  Disposal   Pilot  Model 

7.1-13        Chemical    and  Biological   Characteristics  of  Soils  from  7-47 

the  WRSP  Experimental  Topsoil   Stockpile 

7.1-14        Correlation  Coefficients  Linking  the  Biological    and  7-48 

Chemical  Characteristics   of  Soil  Samples  from  the  WRSP 
Experimental  Topsoil   Stockpile 

7.1-15         Influence  of  Sample  Depth   and  Location  on  Characteris-  7-49 

tics  of  Stockpiled  Topsoil 

7.1-16         Results  of  Seedings  on  Topsoil   Storge  Pile  Section  6,  7-53 

Near  Bonanza,  Utah,  October  1982 

7.1-17         Interpl anting  Study  at  Section  6,  Near  Bonanza,  Utah,  7-55 

June  and  October  1982 

7.1-18        Summary  of  Interpl antings  and  Interseedings  at  Section  7-57 

6,  Near  Bonanza,  Utah,  June  and  October  1982 

7.1-19         Particle  Size,  pH  and  Ec  of  Processed  Shale  Before  and  7-62 

After  31  Freeze/Thaw  Cycles 

7.1-20         EC,  pH,   and  Elemental   Analysis  of  Shale  and  First  Pore  7-67 

Volume  Leachate 

7.1-21         The  Growth  of  12  Species  Planted  Into  Circular  Grate  7-68 

Processed  Shale  After  Six  Weeks 

7.1-22         Daily  Counts  of  Germinated  Seedlings  Occuring  Over  a  7-75 

31  Day  Period 


xm 


LIST  OF  FIGURES 

Figure  Page 

1.2-1    Project  Location  Map  -  Tracts  Ua  and  Ub  1-3 

2.3-1    Locations  of  Meteorological  and  Air  Quality  Measure-       2-7 
ment  Stations  on  Tracts  Ua  and  Ub  at  the  Beginning  of 
1982 

2.3-2    Locations  of  Meteorological  and  Air  Quality  Measure-       2-8 
ment  Stations  on  Tracts  Ua  and  Ub  by  the  End  of  1982 

2.3-3     Sound  Level  Measuring  Sites  2-15 

2.4-1    Diurnal  Variation  of  Mean  Ozone  Concentrations  at  Site     2-18 
A6  During  January  and  July  1982  and  January  and  July 
of  the  Baseline  Period 

2.4-2     Monthly  Maximum  Hourly  Values,  Mean  Daily  Maximum         2-22 
Hourly  Averages,  and  Mean  Monthly  Values  of  O3  at 
Site  A6  from  January  through  June  1982  and  Site  A4 
from  July  through  December  1982 

2.4-3     Trend  of  Monthly  Average  Ozone  at  Site  A6  from  2-23 

February  1975  through  June  1982  at  Site  A6,  July 
through  December  at  Site  A4 

2.4-4  Trend  of  Annual  Average  O3  on  the  Tracts  2-25 

2.4-5  Annual  Ozone  Pollution  Rose  at  Site  A6  2-26 

2.4-6  Annual  Ozone  Pollution  Rose  at  Site  A4  2-27 

2.4-7  Plot  of  Linear  Correlation  2-29 

2.4-8a    Normal  January  Sea  Level  Pressure  in  mb  and  Tempera-       2-42 
ture  in  °F 

2.4-8b    Normal  July  Sea  Level  Pressure  in  mb  and  Temperature       2-42 
°F 

2.4-9    Typical  Drainage  Flow  Pattern  on  Tracts  Ua  and  Ub         2-45 
During  the  Early  Monring  Hours 

2.4-10    Typical  Airflow  Pattern  on  Tracts  Ua  and  Ub  During  the     2-47 
Transitional  Period 

2.4-11    Typical  Synoptic  Airflow  Pattern  on  Tracts  Ua  and  Ub       2-48 
During  the  Afternoon 

2.4-12    Diurnal  Variation  of  Mean  Wind  Speeds  and  Their  2-49 

Standard  Deviations  During  January  1982  Compared  to 
the  Baseline  Means  at  Site  A6 


XIV 


LIST  OF  FIGURES 


Figure  Page 

2.4-13    Diurnal  Variation  of  Mean  Wind  Speeds  and  Their  2-50 

Standard  Deviations  during  July  1982  Compared  to  the 
Baseline  Means  at  Site  A6 

2.4-14    Directional  Wind  Roses  at  the  Monitoring  Stations  on       2-51 
the  Tracts  for  January  1982 

2.4-15    Directional  Wind  Roses  at  the  Monitoring  Stations  on       2-52 
the  Tracts  for  April  1982 

2.4-16    Directional  Wind  Roses  at  the  Monitoring  Stations  on       2-53 
the  Tracts  for  July  1982 

2.4-17    Directional  Wind  Roses  at  the  Monitoring  Stations  on       2-54 
the  Tracts  for  October  1982 

2.4-18    Diurnal  Variation  of  Mean  Temperatures  and  Their  2-56 

Standard  Deviations  Compared  to  Baseline  Means  at  Site 
A6  during  January  and  July  1982 

2.4-19    Monthly  Maximum,  Mean,  and  Minimum  Temperatures  at        2-57 
Sites  A6  (January  through  June  1982)  and  A4  (July 
through  December  1982)  as  Compared  to  Baseline  Values 
at  Site  A6 

2.4-20    Diurnal  Variation  of  Mean  Relative  Humidity  Readings       2-58 
and  Their  Standard  Deviation  Compared  to  the  Baseline 
Means  at  Site  A6  During  January  1982 

2.4-21    Diurnal  Variation  of  Mean  Relative  Humidity  Readings       2-59 
and  Their  Standard  Deviations  Compared  to  the  Baseline 
Means  at  Site  A6  During  July  1982 

2.4-22    Monthly  Maximums,  Means,  and  Minimums  of  Barometric        2-62 
Pressure  at  Site  A6  During  1982  Compared  to  Baseline 

2.4-23    Diurnal  Variation  of  Mean  Net  Thermal  Radiation  at        2-63 
Site  A6  During  January  and  July  1982 

2.4-24    Diurnal  Variations  of  the  Mean  AT  and  Their  Standard       2-68 
Deviations  at  Site  A6  During  January  1982 

2.4-25    Diurnal  Variations  of  the  Mean  AT  and  Their  Standard       2-69 
Deviations  at  Site  A6  During  July  1982 

3.3-1    Location  of  Vegetation  Study  Areas  3-8 

3.4-1     Regression  Analysis  of  Precipitation  and  Annual  3-17 

Species  Biomass 


XV 


LIST  OF  FIGURES 


Figure  Page 

3.4-2    Regression  of  Sagebrush  Stem  Growth  and  Fall  and  3-28 

Winter  Precipitation  (ARA-13) 

3.4-3    Typical  Placement  of  a  l/2m2  j^ap  under  Shadscale        3-38 

3.4-4    Placement  of  Two  l/2m2  Litter  Traps  Under  3-38 

Sagebrush 

3.4-5    Illustration  of  Browse  Usage  of  Sagebrush  3-51 

3.4-6    Location  of  CIR  Transects  and  Lichen  Monitoring  3-54 

Transects  With  Respect  to  Representative  Annual 
Average  SO2  Concentrations 

3.4-7    Areas  of  Dry  Halogeton  Along  Gas  Pipeline  3-72 

3.4-8    Horsebush  at  Time  of  Aerial  Photography  Was  Dormant       3-72 
and  Showed  Little  CIR  Reflectance 

3.4-9    Decadent  Tree  3-74 

3.4-10    CIR  Aerial  Photograph  of  Juniper  Tree  Shown  in  Figure      3-75 
3.4-9 

3.4-11    Fruiting  Structure  of  Fungus  Observed  on  Several  3-76 

Juniper  Trees 

3.4-12    Evidence  of  Insect  Damage  to  a  Pinion  Tree  Shown  in       3-76 
Figures  3.4-15  and  3.4-16 

3.4-13    Dead  Juniper  Tree  3-77 

3.4-14    CIR  Aerial  Photograph  of  Juniper  Tree  Shown  in  Figure      3-77 
3.4-13 

3.4-15    Dead  Pinion  Tree  3-78 

3.4-16    CIR  Aerial  Photograph  of  Pinion  Tree  Shown  in  Figure       3-78 
3.4-15 

3.4-17    CIR  Aerial  Photograph  Taken  at  a  Scale  of  Approxi-        3-80 
mately  1:2400 

3.4-18    CIR  Aerial  Photograph  Taken  at  a  Scale  of  Approxi-        3-80 
mately  1:6000 

3.4-19    CIR  Aerial  Photograph  of  a  Partially  Dead  Juniper        3-81 
Tree 


XVI 


LIST  OF  FIGURES 

Figure  Page 

3.4-20    Partially  Decadent  Juniper  Tree  3-81 

3.4-21    Monthly  Mean  Moisture  Contents  for  0-5  cm  and  5-15  cm      3-85 
Soils 

3.4-22    Monthly  Mean  Total  Bacteria  and  Total  Fungi  Counts  for     3-89 
0-5  cm  and  5-15  cm  Soils 

3.4-23    Monthly  Mean  Respiration  and  Dehydrogenase  Activities      3-91 
for  0-5  cm  and  5-15  cm  Soils 

4.3-1    Aquatic  Biology  Monitoring  Locations  in  the  White         4-9 
River  During  1981  and  1982 

4.4-1     Discharge  Values  Reported  by  VTN  for  the  White  River       4-17 
Below  Asphalt  Wash  During  1981  and  1982 

4.4-2    Velocity  Contours  (cm/s)  During  the  April  1982  Sample      4-20 
Period  for  White  River  Pool  and  Riffle  Transects 

4.4-3    Percent  of  Sediment  Samples  Occurring  in  Each  of  Five      4-21 
Size  Fractions  in  Six  White  River  Transects  from 
April  1981  to  December  1982 

4.4-4     1982  Pre-  and  Post-runoff  Stream  Profiles  for  White        4-25 
River  Riffle  Transects 

4.4-5     1982  Pre-  and  Post-runoff  Stream  Profiles  for  White        4-26 
River  Pool  Transects 

4.4-6     Total  Suspended  Solids  and  the  Depth  to  Which  1%  of        4-29 
Incident  Light  Penetrated  at  Transect  WR18  in  the 
White  River  During  1981  and  1982 

4.4-7    Daily  Average  Water  Temperature  Data  for  the  White        4-30 
River  1982  Water  Year 

4.4-8    Conductivity  in  the  White  River  at  Transect  WR18  4-31 

During  1982  Sample  Sessions 

4.4-9    Total  Phosphorous,  Reactive  Phosphorous  (orthophos-       4-33 
phate).  Total  Inorganic  Nitrogen  (NH3  +  NO3  + 
NO2  in  the  White  River  at  Transect  WR18  During  1981 
and  1982 

4.4-10    Water  Chemistry  in  the  White  River  at  Transect  WR18        4-35 
Prior  to  Upper  Basin  Runoff  During  March  1982 

4.4-11    The  Effect  of  a  Storm  Event  Upon  Water  Chemistry  in        4-35 
the  White  River  at  Transect  WR18  During  July  1982 


XV 11 


LIST  OF  FIGURES 


Figure  Page 

4.4-12    Dry  Weight  of  Organic  Detritus  Drifting  per  Square        4-37 
Meter  of  River  Cross  Section  in  the  White  River  at 
Ignatio  Bridge  and  Southam  Canyon  from  May  1981  to 
December  1982 

4.4-13    Dry  Weight  of  Benthic  Organic  Matter  (CPOM)  Associated     4-38 
With  Benthic  Invertebrate  Samples  Taken  in  Six  White 
River  Transects  from  April  1981  to  December  1982 

4.4-14    Percent  Organic  Matter  (FPOM)  as  Loss  on  Ignition  in       4-41 
Sediment  Silt  Size  Fraction  in  Six  White  River 
Transects  from  April  1981  to  December  1982 

4.4-15    Periphyton  Biomass  as  Chlorophyll  _a  in  Six  White  River     4-44 
Transects  from  April  1981  to  December  1982 

4.4-16    Results  of  Production-Respiration  Experiments  in  the       4-47 
White  River  during  1981  and  1982 

4.4-17    Benthic  Macroinvertebrate  Species  Richness  in  Six         4-50 
White  River  Transects  from  April  1981  to  December 
1982 

4.4-18    Numbers  and  Biomass  of  Benthic  Macroinvertebrates  by       4-52 
Functional  Group  and  Totals  for  White  River  Transects 
WR03,  WR05  from  April  1981  to  December  1982 

4.4-19    Numbers  and  Biomass  of  Benthic  Macroinvertebrates  by       4-53 
Functional  Group  and  Totals  for  White  River  Transects 
WR18,  WR20  from  April  1981  to  December  1982 

4.4-20    Numbers  and  Biomass  of  Benthic  Macroinvertebrates  by       4-54 
Functional  Group  and  Totals  for  White  River  Transects 
WR27,  WR29  from  April  1981  to  December  1982 

4.4-21    Species  Richness,  Numbers,  and  Biomass  of  Macro-  4-57 

invertebrates  Drifting  per  Square  Meter  of  River 
Cross-Section  in  the  White  River  at  Ignatio  Bridge  and 
Southam  Canyon  from  August  1981  to  October  1982 

4.4-22    Leafpack  Decomposition  for  Leafpacks  at  Transect  WR18      4-59 
in  the  White  River 

4.5-1    The  Location  of  the  Three  Sample  Sites  on  the  White       4-61 
River 

4.5-2     The  Concentration  of  Heavy  Metals  (ug/g  d.w.)  in  Each      4-68 
Compartment  Studied  in  the  White  River 


xvi  n 


LIST  OF  FIGURES 


Figure  Page 

4.5-3    The  Discharge  of  the  White  River  Near  Asphalt  Wash        4-70 
During  1981  and  1982 

4.5-4    The  Conductivities  (umohs/cm)  and  Total  Suspended         4-71 
Solids  (ug/1 )  in  the  White  River  at  Southam  Canyon 
During  the  Study  Period  in  1982 

4.5-5    The  Natural  Phenomena  Which  May  Affect  the  Concentra-      4-75 
tions  of  Heavy  Metals  in  Natural  Environments 

4.5-6    The  Trophic  Level  Accumulations  for  the  Selected  Heavy     4-83 
Metals  Studied  in  the  White  River 

4.5-7    The  Results  of  Field  Experiments  on  Metal  Adsorption      4-86 
on  the  White  River  Conducted  During  November  1982 

4.5-8    The  Biomass  of  Two  Macroinvertebrate  Species  in  the       4-88 
White  River  During  1981  at  the  Evacuation  Creek  Site 

5.2-1    Annual  Precipitation  (water-year)  and  Spring  Precipi-      5-3 
tation  (April-June)  at  Utah  Oil  Shale  Tracts  Ua  and 
Ub,  from  1975  to  1982 

5.3-1    Sampling  Locations  On  and  Near  Tracts  Ua  and  Ub  5-8 

5.4-1    Density  of  Nematodes  Along  Nine  Transects  Bimonthly       5-12 
from  April  1981  to  August  1982 

5.4-2    Soil  Moisture  (%)  Along  Nine  Transects  Bimonthly  from      5-13 
April  1981  to  August  1982 

5.4-3    Richness  (taxa/transect)  of  Nematodes  Along  Nine         5-14 
Transects  Bimonthly  from  April  1981  to  August  1982 

5.4-4    Density  of  Soil  Microarthropods  Along  Nine  Transects      5-18 
Bimonthly  from  April  1981  to  August  1982 

5.4-5    Richness  (taxa/transect)  of  Soil  Microarthropods  Along     5-19 
Nine  Transects  Bimonthly  from  April  1981  to  August 
1982 

5.4-6    Monthly  Abundance  and  Biomass  of  Foliage  Inverte-         5-24 
brates.  Soil  Moisture  (%),  and  Degree-days 

5.4-7    Mean  Abundance  of  Foliage  Invertebrates  in  Eight  5-28 

Functional  Groups  from  Sweep  Samples  Taken  Monthly 
from  April  to  October,  1981  and  1982 


xix 


LIST  OF  FIGURES 


Figure  Page 

5.4-8    Mean  Biomass  of  Foliage  Invertebrates  in  Seven  5-29 

Functional  Groups  from  Sweep  Samples  Taken  Monthly 
from  April  to  October,  1981  and  1982 

5.4-9    Monthly  Abundance  of  Foliage  Invertebrates  in  1981  and     5-31 
1982  on  Big  Sagebrush,  Rubber  Rabbi tbrush,  and 
Sticky-leaved  Rabbitbrush 

5.4-10    Monthly  Abundance  of  Foliage  Invertebrates  in  1981  and     5-32 
1982  on  Spiny  Horsebrush,  Spiny  Hopsage,  Shadscale  and 
Greasewood 

5.4-11    Monthly  Abundance  of  Foliage  Invertebrates  in  1981  and     5-33 
1982  on  Utah  Juniper  and  Bunchgrasses  (Agropyron 
spicatum  and  Oryzopsis  hymenoides) 

5.4-12    Foliage  Invertebrate  Abundance  in  Four  Vegetation         5-43 
Types  Each  Month  from  April  to  October  in  1981  and 
1982 

5.4-13    Mean  Biomass  of  Foliage  Invertebrates  in  Four  Vegeta-      5-45 
tion  Types  Each  Month  from  April  to  October  in  1981 
and  1982 

5.4-14    Mean  Abundance  of  Foliage  Invertebrates  in  Eight  5-47 

Functional  Groups,  in  Four  Vegetation  Types 

5.4-15    Abundance  and  Diversity  of  Reptiles  in  Greasewood  in       5-50 
June  1981  and  1982,  Compared  to  Means  in  June  During 
the  Baseline  Period  (1975-1981) 

5.4-16    Abundance  and  Diversity  of  Reptiles  in  Shadscale  in       5-51 
June  1981  and  1982,  Compared  to  Means  in  June  During 
the  Baseline  Period  (1975-1981) 

5.4-17    Abundance  and  Diversity  of  Reptiles  in  Juniper  and        5-52 
Riparian  in  June  1981  and  1982,  Compared  to  Means  in 
June  During  the  Baseline  Period  (1975-1981) 

5.4-18    Consuming  Biomass  (kg/20  ha)  of  the  Bird  Community  in      5-67 
June  from  1975  through  1982  in  Four  Habitats 

5.4-19    Consuming  Biomass  (kg/20  ha)  of  Three  Trophic  Groups       5-68 
in  June  from  1975  through  1982  in  Greasewood  and 
Juniper 

5.4-20    Consuming  Biomass  (kg/20  ha)  of  Three  Trophic  Groups       5-69 
in  June  from  1975  through  1982  in  Shadscale  and 
Riparian 


XX 


LIST  OF  FIGURES 


Figure  Page 

5.4-21    Consuming  Biomass  (kg/20  ha)  of  Insectivore  Guilds  in      5-72 
June  from  1975  through  1982  in  Greasewood  and  Juniper 

5.4-22    Consuming  Biomass  (kg/20  ha)  of  Insectivore  Guilds  in      5-73 
June  from  1975  through  1982  in  Shadscale  and  Riparian 

5.4-23    Sites  of  Active  and  Inactive  Raptor  (hawks  and  owls)       5-77 
and  Raven  Nests  in  1982 

5.4-24   Distribution  and  Abundance  of  Canada  Goose  Along  the      5-82 
White  River  from  Cowboy  Canyon  to  Asphalt  Wash  from 
7-9  April  1982 

5.4-25    Distribution  and  Abundance  of  All  Waterfowl  Along  the      5-83 
White  River  from  Cowboy  Canyon  to  Asphalt  Wash  from 
7-9  April  1982 

5.4-26    Density,  Biomass,  Species  Richness,  Diversity  and         5-85 
Evenness  of  Rodents  in  Greasewood  in  August  1981  and 
1982,  Compared  to  Means  in  August  During  the  Baseline 
Period  (1975-1981) 

5.4-27    Density,  Biomass,  Species  Richness,  Diversity  and         5-86 
Evenness  of  Rodents  in  Shadscale  in  August  1981  and 
1982,  Compared  to  Means  in  August  During  the  Baseline 
Period  (1975-1981) 

5.4-28   Density,  Biomass,  Species  Richness,  Diversity  and         5-87 
Evenness  of  Rodents  in  Juniper  in  August  1981  and 
1982,  Compared  to  Means  in  August  During  the  Baseline 
Period  (1975-1981) 

5.4-29    Density,  Biomass,  Species  Richness,  Diversity  and         5-88 
Evenness  of  Rodents  in  Riparian  in  August  1981  and 
1982,  Compared  to  Means  in  August  During  the  Baseline 
Period  (1975-1981) 

5.4-30    Consuming  Biomass  (g/ha)  of  Three  Rodent  Trophic         5-92 
Groups  on  Four  Trapping  Grids  During  August  from  1975 
through  1982  and  on  Five  Trapping  Grids  During  August 
1981  and  1982 

5.4-31    Density  of  Desert  Cottontails  in  Four  Habitats,  5-94 

Bimonthly  from  1975  through  1982 

5.4-32    Mule  Deer  Sightings  On  and  Near  the  Federal  Oil  Shale      5-99 
Prototype  Tracts  Ua  and  Ub  in  February  1982 

5.4-33    Mule  Deer  Sightings  On  and  Near  the  Federal  Oil  Shale      5-100 
Prototype  Tracts  Ua  and  Ub  in  April  1982 


XXI 


LIST  OF  FIGURES 


Figure  Page 

5.4-34        Mule  Deer  Sightings  On  and  Near  the  Federal   Oil   Shale  5-101 

Prototype  Tracts  Ua  and  Ub  in  June  1982 

5.4-35        Mule  Deer  Sightings  On  and  Near  the  Federal   Oil   Shale  5-102 

Prototype  Tracts  Ua  and  Ub   in  August  1982 

6.3-1  Water  Resources  Monitoring  Stations  6-7 

6.4-1  White  River  Near  Colorado  State  Line,  Utah  (Sta.   No.  6-16 

09306395),   and  White  River  Below  Asphalt  Wash,  Near 
Watson,  Utah  (Sta.   No.  09306700),  Mean  Daily  Stream- 
flows,  October  1981  -  September  1982 

6.4-2  White  River  Below  Asphalt  Wash,  Near  Watson,  Utah  6-23 

(Sta.   No.  09306700),  Suspended  Sediment  Discharge  vs. 
Streamflow,  Water  Years  1975-1982 

6.4-3  Southam  Canyon   (Sta.   No.  09306610)    and  Plant  Site  Wash  6-30 

(Sta.   No.  09306602),   Suspended  Sediment  Discharge  vs. 
Streamflow,  Water  Years  1975-1982 

6.4-4  White  River  Below  Asphalt  Wash,   Near  Watson,  Utah  6-32 

(Sta.   No.  09306700),  Mean  Daily  Temperature  and 
Specific  Conductance 

6.4-5  Distribution  of  Major  Ions  for  the  White  River  6-45 

6.4-6  Evacuation  Creek,  Near  Watson,  Utah  (Sta.   No.  6-48 

09306430),  Mean  Daily  Temperature  and  Specific 
Conductance,  October  1981   -  September  1982 

6.4-7  Evacuation  Creek   (Sta.   No.  09306430),   Streamflow  vs.  6-50 

Specific  Conductance,  February  16-18,   1982 

6.4-8  Evacuation  Creek   (Sta.   No.  09306430),  Streamflow  vs.  6-51 

Specific  Conductance,  May  3,  1982 

6.4-9  Mean  Daily  Static  Water  Levels,  Monitor  Wells  P-1  and  6-57 

P-3 

6.4-10         Mean  Daily  Static  Water  Levels,  Monitor  Well   P-2  Upper  6-59 

and  Lower 

6.4-11         Static  Water  Levels  of  Selected  Birds  Nest  Zone  6-62 

Monitoring  Wells,  Water  Years  1978-1982 

6.4-12         Alluvial   Water  Qual  ity.  Well   AG-6-1,   1976-1982  6-72 

6.4-13         Fall   Precipitation   in  Inches,   October  -  December  1981  6-78 


xxn 


LIST  OF  FIGURES 

Figure  Page 

6.4-14  Winter  precipitation  in  Inches,  January  -  March  1982  6-79 

6.4-15  Spring  Precipitation  in  Inches,  April  -  June  1982  6-80 

6.4-16  Summer  Precipitation  in  Inches,  July  -  September  1982  6-81 

6.4-17    Annual  Precipitation  in  Inches,  October  1981  -  6-83 

September  1982 

6.4-18    BLM  Regional  Precipitation  Network,  Annual  Precipita-      6-85 
tion  in  Inches,  October  1981  -  September  1982 

6.4-19    Total  Pan  Evaporation,  Wind  Run,  Mean  Air  Temperature      6-90 
and  Relative  Humidity,  May  -  September  1982 

7.1-1    West  Transect  on  Shale  Disposal  Pile  at  Anvil  Points,      7-9 
Colorado 

7.1-2    Center  Transect  on  Shale  Disposal  Pile  at  Anvil  7-12 

Points,  Colorado 

7.1-3    East  Transect  on  Shale  Disposal  Pile  at  Anvil  Points,      7-13 
Colorado 

7.1-4     Roots  of  Western  Wheatgrass  Growing  in  Processed  Oil       7-14 
Shale  at  Anvil  Points,  Colorado 

7.1-5    Western  Wheatgrass  Spreading  from  Soil  Filled  Trench       7-15 
Into  Processed  Shale  at  Anvil  Points,  Colorado 

7,1-6    South  Soil  Trench  Plantings  at  Anvil  Points,  Colorado      7-35 

7.1-7     South  Soil  Trench  Plantings  at  Anvil  Points,  Colorado      7-36 

7.1-8    Heavy  Utilization  by  Rodents  of  Fourwing  Saltbush         7-59 
Transplants  Used  for  the  Interpl anting  Study  at 
Section  6  near  Bonanza,  Utah 

7.1-9    Heavily  Grazed  Wyoming  Big  Sagebrush  at  Section  6  near     7-60 
Bonanza,  Utah 

7.1-10    Photographic  Display  of  Particle  Size  of  Circular         7-63 
Grate  Processed  Shale  Prior  to  the  Freeze/Thaw 
Treatment 

7.1-11    Particle  Size  Comparison  After  31  Freeze/Thaw  Cycles       7-63 

7.1-12    Example  of  Planting  Flat  Used  to  Evaluate  Seedling        7-70 
Growth  and  Survival  in  Processed  Shale 

7.1-13    Seedling  Germination  Layout  at  Office  Headquarters  of      7-73 
Native  Plants,  Inc. 

xxiii 


INTRODUCTION 


1.0   INTRODUCTION 

1.1  PURPOSE 

The  purpose  of  this  report,  "1982  Progress  Report  Environmental  Program 
White  River  Shale  Project,"  is  to  present  the  results  of  ambient  environmental 
monitoring  and  reclamation  research  activities  associated  with  the  development 
of  Federal  Prototype  Oil  Shale  Lease  Tracts  Ua  and  Ub  located  in  northeastern 
Utah.  With  the  exception  of  the  water  resources  section,  this  report  covers 
monitoring  studies  conducted  during  calendar  year  1982.  The  water  resources 
section  is  based  upon  the  1982  water  year  (i.e.,  October  1,  1981  through 
September  30,  1982). 
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1.2  BACKGROUND 

The  White  River  Shale  Project  (WRSP)  was  established  in  1974  to  plan  for 
and  implement  the  joint  development  of  Tracts  Ua  and  Ub.  Each  tract  encom- 
passes 5120  acres  of  federal  land.  Figure  1.2-1  shows  the  location  of  the 
leased  lands.  The  lease  to  Tract  Ua  is  held  equally  by  Phillips  Petroleum 
Company  and  Sunoco  Energy  Development  Co.  The  lease  to  Tract  Ub  is  held  by 
Sohio  Shale  Oil  Company. 

The  White  River  Shale  Oil  Corporation  (WRSOC),  in  its  agency  relationship 
to  the  lessees  of  Tracts  Ua  and  Ub,  has  been  retained  to  manage  development  of 
the  WRSP.  Thus,  the  WRSOC  is  responsible  for  implementation  of  environmental 
monitoring  requirements  mandated  by  the  oil  shale  leases.  Environmental 
monitoring  programs  for  the  WRSP  are  conducted  by  independent  environmental 
consulting  firms  under  contract  to  the  WRSOC. 

Four  significant  environmentally  oriented  tasks  have  been  completed  for 
the  WRSP  since  work  under  the  leases  began  in  1974.  First,  the  "Detailed 
Development  Plan,"  or  DDP,  required  by  lease  provision  was  submitted  to  the 
Department  of  Interior  -  Oil  Shale  Office  in  June,  1976  and  subsequently 
revised,  updated,  and  resubmitted  in  September,  1981.  This  plan  describes  the 
schedule,  activities,  and  expected  results  associated  with  planning,  construc- 
tion, operation,  and  abandonment  of  a  commercial  oil  shale  processing  facility 
on  Tracts  Ua  and  Ub.  The  DDP  was  approved  in  March,  1982  following  the  lift- 
ing of  a  court-imposed  injunction  which  had  suspended  tract  development  since 
May,  1977. 

Second,  the  lease  required  two-year  environmental  monitoring  and  data 
collection  program  was  completed  for  the  WRSP  in  January,  1977.  The  results 
of  this  significant  effort  were  published  in  October,  1977  as  the  "Final 
Environmental  Baseline  Report."  Annual  "Progress  Reports,"  such  as  this 
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document,  have  been  prepared  in  the  interim  (1977-1981)  to  present  data  from 
the  WRSP's  on-going  monitoring  program  which  updates  environmental  conditions 
on  the  lease  tracts.  Monitoring  continued  during  the  interim  period  in  order 
to  confirm  observations  made  during  the  Baseline  period,  evaluate  environ- 
mental trends  apparent  only  through  multi-year  study,  track  ambient  ozone 
levels  over  an  extended  period  and  evaluate  more  refined  biological  resources 
monitoring  techniques. 

Third,  to  develop  a  technology  for  revegetating  disturbed  sites  and 
reclaiming  processed  shale  disposal  areas,  a  study  was  conducted  from 
November,  1974  through  December,  1978.  The  final  report,  "Revegetation 
Studies  for  Disturbed  Areas  and  Processed  Shale  Disposal  Sites,"  was  published 
in  June,  1979.  The  WRSP  reclamation  research  program  has  continued  and  the 
annual  reports  have  provided  updated  information  on  the  results  of  research 
studies  supported  by  the  WRSP. 

Fourth,  as  tract  development  progressed  into  the  construction  stage  (and 
subsequently  into  operation)  it  became  apparent  that  the  WRSOC  must  establish 
a  monitoring  philosophy  based  upon  an  acquired  understanding  of  the  tract 
ecosystem  to  guide  the  future  WRSP  monitoring  program.  Thus  in  June,  1982 
the  "Environmental  Monitoring  Manual"  was  published  which  establishes  a 
detailed  environmental  monitoring  program  for  the  WRSP  that  will  track  the 
impacts  of  project  development,  evaluate  the  success  of  our  planned  mitigation 
measures,  and  provide  feedback  to  design  and  operations  to  minimize  and 
correct  any  identified  adverse  effects. 

Construction  is  now  in  progress  at  the  WRSP  and  monitoring  is  proceeding 
according  to  the  plan  established  by  the  Environmental  Monitoring  Manual. 
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1.3  SUMMARY  OF  RESULTS 

Monitoring  of  environmental   conditions  on  and  near  to  the  tracts  has  been 
an  on-going   activity  at  the  WRSP  since  1974.     The  1982  monitoring   program 
involved  six  major  disciplines,   including  air  resources,  vegetation  resources, 
aquatic  biology    terrestrial    fauna    water  resources,   and  reclamation  research 
studies.     The  principal   goals  of  the  1982  program  were  to  finalize  characteri- 
zation of  baseline  conditions   and  to  initiate  investigation  of  tract  develop- 
ment related  impacts.     The  following  summarizes  the  results  of  the  1982  WRSP 
monitoring   program. 

Precipitation  in  1982  was  well    above  average  at  the  WRSP  precipitation 
monitoring  stations.     Annual    precipitation  for  the  1982  water  year  ranged  from 
13.80  inches  to  15.73  inches  at  WRSP's  ten  precipitation  gauges.     The  above 
normal    precipitation  was   primarily  the  result   of  several    large  scale  fall    and 
summer  storms.     Net  evaporation  for  the  freeze-free  period  of  May  through 
September  was  similar  to  previously  collected  records   and  ranged  from  24.76  to 
27.09  inches. 

Streamflow  for  the  White  River  during  1982  was  somewhat   above  normal    at 
the  two  in-stream  monitoring  stations   above  and  below  the  tracts.     The  daily 
discharge  of  the  White  River  at  USGS  surface  water  station  6395   (Stateline) 
varied  from  2720  cubic  feet   per  second   (cfs)    in  May,  1982  to  160  cfs   in 
January,  1982.     The  1982  annual    runoff  for  station  6395  was  573,200   acre-feet 
which  is  well    above  the  long-term  average  of  502,300   acre-feet  for  this 
station  (based  upon  56  years  of  record). 

Annual   suspended  sediment   and  water  quality  records  for  the  White  River 
did  not   indicate  any  major  differences  between  the  upstream  station  (6395)    and 
the  downstream  station   (6700)   during  1982.     Nor  was  there  a  statistical 
difference  between  1982  records  and  those  of  previous  years. 
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Annual    runoff  and  maximum  instantaneous  discharge  for  Evacuation  Creek 
near  the  mouth  (station  6430)   during  1982  were  the  highest   for  eight  years  of 
record.     This  was  due  to  numerous  and  wide-spread  summer  precipitation  events 
occurring   at  higher  elevations   in  the  watershed   (off-tract  to  the  south). 
Water  quality  data  were  generally  similar  to  previous  years'   records. 

Drywash  monitoring  continued   in  the  Plant  Site  Wash  (station  6602), 
Southam  Canyon  (station  6610),   and  Asphalt  Wash  (station  6625).     Southam 
Canyon  discharges  were  higher  than  normal.     Annual    runoff  for  the  Plant  Site 
Wash  was  7.9  acre-feet.     Water  quality  records  for  Southam  Canyon  were  similar 
to  data  from  previous  years.     Certain  water  quality  records  for  the  Plant  Site 
Wash  (noteably  suspended  sediment,  nutrients,  iron  and  nickel)  were  higher 
than  expected.     This  is  attributed  to  construction   activities  in  the  Plant 
Site  Wash  drainage. 

Static  water  level  monitoring  in  Birds'    Nest  Wells  was  continued  with 
notable  differences  detected  from  previous  year  records.     Uncharacteristic 
water  level   fluctuations  occurred  at  well   P-1.     This  phenomena  may  have 
resulted  from  surface  excavation  blasting  to  support  construction  of  a  new 
access  road.     Also,  several   Birds'    Nest  Zone  wells  in  the  northern  and  western 
portion  of  the  tracts  (P-2  Lower,  G-5,  G-15,   and  G-21)   continued  to  show 
steadily  declining  water  levels.     Two  additional  wells   (G-10  and  G-11)    also 
began  to  show  declines   in  1982.     These  declining  levels,  which  do  not  repre- 
sent significant  depletions  from  storage,  were  not  associated  with  tract 
development   activities. 

The  air  resources  monitoring  program  at  the  WRSP  continued  during  1982 
with  three  sites  measuring   air  quality  parameters  and  five  sites  measuring 
macro-meterological   parameters.     The  air  program  underwent  several  modifica- 
tions during  1982  in  response  to  the  construction   activities. 
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The  role  of  monitoring  background  air  quality  shifted  from  site  A6  to 
site  A4  because  of  construction  development  near  A6.  Transfer  of  air  quality 
measurements  from  A6  to  A4  began  in  April  and  was  completed  in  July.  Air 
quality  measurements  at  A6  were  suspended  in  September  and  will  not  be 
reinstituted  until  Phase  I  operations.  Meterological  measurement  continued  at 
A6. 

Site  AlO  was  relocated  and  reactivated  during  1982  to  evaluate  impacts  of 
construction  during  drainage  flows.  This  site  monitors  total  suspended  parti- 
culate and  certain  meterological  parameters. 

Overall  air  quality  levels  during  1982  did  not  change  appreciably  from 
previous  years  and  were  generally  lower  than  baseline  concentrations. 
NO/NOx  levels  were  occasionally  higher  at  A5,  probably  due  to  blasting 
activities  near  the  site.  Ozone  concentrations  peaked  at  135  yg/mS  in  the 
spring,  compared  with  the  national  standard  of  235  yg/m3  and  baseline  values 
of  150  yg/m3.  Particulate  concentrations  (based  upon  annual  geometric  mean) 
were  14.5  yg/m^  compared  with  the  secondary  standard  of  60  yg/m^.  The 
peak  24-hour  particulate  concentration  was  75.9  yg/m^  compared  with  the 
secondary  standard  of  150  yg/m3. 

Sound  level  measurements  also  continued  at  five  sites.  In  areas  away 
from  construction  activity  natural  background  levels  ranged  from  24dB(A)  in 
isolated  areas  with  no  wind  to  60dB(A)  near  the  White  River.  The  highest 
recorded  measurement  was  74dB(A)  and  was  influenced  by  construction 
development. 

Biological  resource  monitoring  continued  during  1982  with  evaluation  of 
vegetation  resources,  aquatic  biology  and  terrestrial  fauna  and  continuation 
of  the  WRSP  sponsored  reclamation  research  program.  The  biological  program 
scope  of  work  followed  very  closely  the  plan  described  in  the  Environmental 
Monitoring  Manual . 
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The  vegetation  monitoring  program  included  eight   interrelated  tasks  to 
describe  the  health   of  tract   vegetation   and  its  relationship  to  biotic   and 
abiotic  factors.     Annual   plant  biomass  was  relatively  high  in  1982.     This 
parameter   appears  to  correlate  better  with  October-M^  precipitation  than 
strictly  spring   (April-June)  precipitation.     Production  and  annual   cover  of 
annuals  ranged  from  68.1  gm/m^  and  18.2%  for  riparian  areas  to  0.4  gm/m^ 
and  0.2%  for  Juniper  areas. 

Sagebrush  stem  leader  growth  was  low  during  1982  despite  good  fall-winter 
precipitation.     While  this   is  within  the  95%  prediction   interval    established 
by  the  regression  equation   (determined  based  upon  seven  years  of  data), 
further  evaluation  of  this  finding  is  required. 

In  other  vegetation  studies,  sagebrush  leaders  were  analyzed  for  nine 
trace  elements  to  define  a  natural    background  for  these  compounds  which  may  be 
associated  with  emissions  from  the  WRSP.     Litterfall  measurements  were 
continued,  with  a  six  fold   increase   in  the  number  of  litter  traps,   to   assess 
the  vigor  of  seven  dominant  floral   species   and  provide  information  on  nutrient 
cycling   and  food  resource  recharge.     A  study  was   also  begun  using  Cole  Browse 
Survey  methods  to  assess  utilization  of  plants  by  animals.     Also,  color  infra- 
red  aerial    photographs  were  taken  to   assess  plant  condition  and  stress.     The 
1:2400  scale  was  determined  to  be  the  most  appropriate  in  measuring  vegetation 
stress   in  sparsely  vegetated   areas. 

Lichen  monitoring  also  continued  at  21  stands   along  three  transects 
extending  outward  from  the  plant  site.     An  elemental    analysis  was  conducted  on 
saxicolous  lichen  to  establish  a  baseline  for  these  parameters.     Continued 
lichen  monitoring  will    emphasize  total    cryptogamic  cover     number  of  species/ 
quadrat,   and  sulfur  content  of  lichen  tissue. 
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Soil   microbiology  and  soil   chemistry  analysis  were  also  conducted.     While 
soil    pH,   organic  carbon,   and  conductivity  levels  did  not   vary  over  the  year  or 
between  sites,  soil  moisture  showed  a  high  in  February  and  a  low  in  June. 
Soil    bacteria  and  respiration  rates  correlated  well   with  soil    moisture 
levels. 

Aquatic  biology  monitoring  during  1982  was   a  continuation  of  the  program 
reestablished   at  the  WRSP  in  1981.     During  1982  biological   conditions   in  the 
White  River  were  dominated  by  physical   factors.     Production  was  very  low 
compared  to  1981  due  to  high  river  levels,   frequently  high  suspended   sediment 
levels,   and  reduced  light  penetration  occurring  as  a  result  of  thunderstorm 
activity.     The  high  river  flows   also  contributed  to  temporal   changes   in 
nutrient  levels. 

An  investigation  of  the  role  of  metals  in  the  White  River  was  begun. 
Generally,  metal    levels  in  White  River  biota  were  found  to  be  higher  than  the 
literature  shows  for  other  river  systems  in  non-industrialized  areas.     The 
input   from  Evacuation  creek   and  the  proximity  of  oil    shale  and  marlstone 
outcrops   are  probable  causes  for  these  naturally  occurring  high  levels.     The 
aquatic   system  is  well    adjusted  to  this  condition. 

Also,  work  continued  on  the  P/R  chambers  and  leaf pack  systems.     These 
developing   in-situ  monitoring  tools  will    allow  rapid   analysis  of  production, 
respiration  and  decomposition  rates  which  are  key  to  evaluating  the  health  of 
the   aquatic   system. 

Five  major  groups  of  terrestrial   fauna  were  emphasized  during  1982. 
These  included  soil    invertebrates,   foliage  invertebrates,   reptiles,   birds,   and 
mammal  s. 

Soil   invertebrate  parameters  differed  significantly  among  the  sampling 
sessions  during  1982  in  response  to  the  changing  climatic  conditions.     Foliage 
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invertebrates  likewise  varied  with  climatic  conditions  but  also  plant  pheno- 
logy and  production.  Amphibian  and  reptile  populations  showed  declines  from 
previous  years  due  to  generally  wet  conditions  in  the  winter  and  fall  and  a 
relatively  cool  spring.  The  riparian  area  was  the  exception  where  increasing 
reptile  population  was  noted. 

Bird  populations  declined  in  all  habitats  except  riparian  in  1982.  This 
is  apparently  due  to  low  spring  precipitation.  The  riparian  bird  population 
increased  in  response  to  higher  food  availability  near  the  river  as  high  flows 
increased  habitat  for  insect  production.  In  February  ten  bald  eagles  were 
surveyed  wintering  near  Tracts  Ua  and  Ub.  A  total  of  58  raptor  nests  involv- 
ing seven  species  were  located  in  a  55  square  mile  area  on  or  near  the  tracts. 
Eleven  nests  were  active,  including  three  golden  eagle  nests. 

Mammal  populations  generally  increased  in  most  habitats,  especially 
riparian.  This  appears  to  be  related  to  abundant  fall  precipitation.  Mule 
deer  populations  remain  low  with  mean  herd  sizes  ranging  from  two  to  six  per 
siting. 

Reclamation  research  continued  during  1982  with  both  greenhouse  and  field 
studies  in  progress.  The  research  completed  to  date  has  provided  information 
pertinent  to  revegetation  of  both  disturbed  and  processed  shale  areas.  Plant 
species  have  been  identified  and  methodologies  listed  which  provide  valuable 
direction  in  meeting  the  reclamation  requirements  of  the  Prototype  leases. 

Annual  plant  succession  studies  on  processed  shale  at  Anvil  Points, 
Colorado  began  in  1981  and  are  yielding  valuable  information  on  means  of  rapid 
initial  stabilization  of  the  surface  of  processed  shale  and  the  reestablish- 
ment  of  organic  matter.  Root  growth  studies  in  processed  shale,  begun  in 
1979,  continue  to  show  spreading  of  healthy  roots  from  soil  trenches  into 
processed  shale.  Soil  and  plant  tissue  studies  analyze  plant  tolerance  levels 
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to  salt  buildup.  Plant  establishment  test  plots  on  both  disturbed  areas  and 
processed  shale  continue  to  show  high  survival  rates  for  many  species. 

Recently  initiated  studies  include  establishment  of  a  topsoil  stockpile 
to  investigate  changes  in  microbiology  that  may  occur  with  long-term  storage 
and  to  evaluate  methods  of  pile  stabilization.  Also,  a  study  is  continuing  to 
assess  various  methods  for  enhancing  wildlife  habitat. 

Greenhouse  studies  were  initiated  in  1982  to  investigate  the  physical  and 
chemical  properties  of  circular  grate  processed  shale  and  the  response  of  seed 
germination  and  growth  to  those  charactristics. 
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AIR    RESOURCES 


2.0  AIR  RESOURCES 

2.1  INTRODUCTION 

The  air  quality  on  Tracts  Ua  and  Ub  has  been  monitored  continuously 
by  AeroVironment  Inc.  under  contract  to  WRSP  since  baseline  data  collection 
began  in  1974.  As  data  on  baseline  pollutant  levels  were  obtained  and 
their  general  lack  of  spatial  variation  was  demonstrated,  the  number  of 
monitoring  stations  was  reduced  during  the  second  year  of  the  baseline 
period.  The  objectives  of  these  baseline  measurements  were  twofold: 
0   To  characterize  the  air  quality  environment  in  the  vicinity 

of  the  tracts  in  sufficient  detail  to  provide  a  complete  descrip- 
tion of  the  baseline  situation  against  which  future  air  quality 
could  be  compared. 
0    To  describe  the  meteorological  environment  in  the  vicinity  of 

the  tracts  in  sufficient  detail  to  provide  input  data  for  modeling 
to  simulate  the  dispersion  of  air  pollutants  that  would  be  generated 
by  future  developments  on  the  tracts. 
The  air  resources  baseline  monitoring  program  was  officially  completed 
on  15  January  1977.  The  baseline  years  referred  to  in  this  report  are 
1975  and  1976.  From  January  1977  through  1981,  monitoring  of  air  quality 
has  continued  at  one  site  and  meteorological  measurements  have  continued 
at  four  sites.  This  additional  monitoring,  known  as  the  Air  Resources 
Interim  Monitoring  Program,  has  provided  continuity  for  the  baseline  program 
and  helped  satisfy  a  third  objective: 
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0    To  determine  the  year-to-year  variation  in  the  baseline  air 
quality  and  meteorology  of  the  area,  in  order  to  see  whether 
the  baseline  measurements  adequately  represented  the  ambient 
conditions. 
Data  collected  from  1974  through  1981  were  analyzed  and  summarized 
in  other  reports  (White  River  Shale  Project  Reports,  1976  through  1982; 
Detailed  Development  Plan,  1981;  and  PSD  Permit  Application,  1981).  The 
following  describes  the  monitoring  program  in  1982  and  discusses  the  data 
collected  during  the  year. 
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2.2  SUMMARY 

The  beginning  of  construction  for  Phase  I  of  the  WRSP  during  1982 
resulted  in  some  changes  for  the  air  quality  monitoring  program  for  Tracts 
Ua-Ub.  The  changes  are  consistent  with  the  Environmental  Monitoring  Manual 
and  reflect  the  dynamics  of  the  monitoring  program  in  keeping  abreast 
with  development.  Construction  activities  do  not  affect  meteorological 
values  so  only  one  modification  was  made  to  this  program  in  1982.  In 
mid-June,  recording  of  wind  speed  and  wind  direction  began  at  Site  AlO, 
as  scheduled  in  the  monitoring  program. 

The  role  of  monitoring  background  air  quality  shifted  from  Site  A6 
to  A4,  because  Phase  I  construction  had  begun  near  the  A6  site,  possibly 
biasing  the  levels  measured.  Total  suspended  particulate  (TSP)  measurements 
started  at  A4  in  mid-April,  ozone  (0^)  monitoring  started  in  late  May 
and  sulfur  dioxide  (SO^),  carbon  monoxide  (CO)  and  nitrogen  oxides  (NO/NO  ) 
monitoring  started  in  mid  June.  Although  air  quality  data  were  collected 
at  A6  through  September,  because  of  the  possibility  of  interference  from 
construction  activities  near  A5,  A4  data  were  used  as  soon  as  possible 
to  represent  background.  Therefore,  the  following  analyses,  tables  and 
figures  discussing  background  air  quality  are  based  on  data  collected 
for  part  of  the  year  at  A6  and  the  remainder  of  the  year  at  A4.  The  general 
breakdown  is  as  follows: 

TSP:  A6  --  January  through  mid-April 

A4  --  mid-April  through  December 

O3,  SO2,  CO,  NO/NO^:     A5  --  January  through  June 

A4  --  July  through  December 
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To  monitor  the  impact  of  construction  during  drainage  flow.  Site 
AlO  started  recording  TSP  levels  in  June  of  1982.  This  site  is  also  record- 
ing wind  speed  and  direction,  as  mentioned  previously.  Site  AlO  was  moved 
from  its  original  baseline  location,  which  will  be  submerged  when  the 
reservoir  on  the  White  River  is  complete,  to  above  the  reservoir's  predicted 
high  water  level. 

Overall,  air  quality  levels  measured  during  1982  did  not  change  appre- 
ciably from  previous  years.  NO/NO  levels  were  occasionally  higher  during 
the  summer  at  Site  A6,  probably  due  to  blasting  activities.  In  general, 
all  annual  pollutant  concentrations  measured  during  1982  averaged  less 
than  baseline  concentrations. 
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2.3  PROGRAM  DESCRIPTION 

With  the  initiation  of  construction  activities  on  Tracts  Ua  and  Ub 
in  1982,  ambient  levels  of  particulates  and  gaseous  pollutants  are  expected 
to  change.  Thus,  the  air  resources  monitoring  program  will  take  on  new 
objectives.  These  are: 

0   To  quantify  the  air  quality  impacts  of  various  levels  of  oil 

shale  development  and  operation  on  Tracts  Ua  and  Ub; 
0    To  demonstrate  that  impacts  of  the  air  contaminants  emitted 
by  the  facilities  are  in  compliance  with  the  National  Ambient 
Air  Quality  Standards  (NAAQS)  and  the  Prevention  of  Significant 
Deterioration  (PSD)  provisions  of  the  Clean  Air  Act,  as  well 
as  with  Utah  air  quality  standards; 
0    To  identify  areas  where  additional  control  of  air  contaminant 

emissions  would  be  appropriate  or  necessary; 
0    To  continue  observing  the  long-term  evolution  of  regional  air 

quality; 
0    To  continue  monitoring  the  meteorological  environment  to  provide 
additional  data  for  future  modeling  efforts  as  well  as  to  monitor 
meteorological  events  (such  as  frontal  passages)  that  might 
affect  the  regional  air  quality. 
A  Development  Monitoring  Program  has  been  designed  to  achieve  these 
objectives  and  is  presented  in  the  Environmental  Monitoring  Manual  (White 
River  Shale  Oil  Corporation,  1982).  Monitoring  activities  in  1982  followed 
those  described  in  the  Environmental  Monitoring  Manual  and  marked  the 
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transition  from  the  Interim  Monitoring  Program  to  the  Development  Monitoring 
Program. 

Figure  2.3-1  shows  meteorological  stations  that  were  operational 
at  the  beginning  of  1982,  and  Figure  2.3-2  shows  the  stations  that  were 
operational  at  the  end  of  1982.  The  periods  of  operation  of  these  stations 
are  presented  in  Table  2.3-1.  As  pointed  out  in  the  Environmental  Monitoring 
Manual,  air  quality  monitoring  at  Site  A6  was  to  be  suspended  during  the 
construction  phase  of  the  project.  Thus,  when  construction  began  in  the 
summer  of  1982,  air  quality  monitoring  was  scheduled  to  be  stopped  in 
October.  This  plan,  however,  was  thwarted  by  a  thunderstorm  in  late  September, 
which  damaged  most  of  the  electric  equipment  at  Site  A6.  No  attempts 
were  made  to  revive  air  quality  monitoring  at  Site  A6.  Air  quality  monitor- 
ing at  A6  will  be  resumed  prior  to  Phase  I  operations. 

2.3.1  Air  Quality  Monitoring  Program 

Table  2.3-2  lists  the  instruments  used  to  monitor  the  air  quality 
parameters  during  1982.  All  instruments  comply  with  EPA  regulations. 
Table  2.3-2  also  shows  detection  limits  and  data  precisions  and  validity 
of  all  the  instruments.  All  parameters,  except  total  suspended  particulates, 
are  monitored  continuously.  Data  are  recorded  on  digital  punched  tapes 
every  six  minutes  and  on  strip  charts  ewery   two  minutes.  Total  suspended 
particulates  are  measured  over  a  24-hour  period  ewery   sixth  day  at  A6 
and  measured  daily  at  Sites  A4  and  AlO. 

The  percentage  of  time  each  air  quality  parameter  was  monitored  on 
Tracts  Ua  and  Ub  in  1982  is  presented  in  Table  2.3-3.  For  TSP,  the  calcula- 
tion was  based  on  the  designated  TSP  samplers  and  not  the  collocated  samplers. 
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TABLE  2.3-2. 


Air  quality  monitoring  equipment  by  parameter  and  the 
instrument  lower  detection  limit,  data  precision,  and  lower 
limit  of  data  validity  during  1982. 


Parameter 

Monitoring  Instrument 

Instrument 

Lower 
Dectection 

Limit 

Data 
Precision 

Lower 

Limit 

of  Data 

Validity 

°3 

Monitor  Labs  Model  8410E 
ozone  analyzer, 
chemi luminescence 

2  iig/n? 

6  jLtg/m 

6  /ig/m 

CO 

Monitor  Labs  Model  8310 
infrared 

2 
0.1  mg/m 

0.1  mg/rrr 

0.1  mg/m 

NO 

Monitor  Labs  Model  8440E 
NO/NO  analyzer, 
chemi luminescence 

5  /ig/m"^ 
5  fig/nr 

6  /ig/m 
6  ^.g/nr 

5  Mg/m 

6  Mg/"i 

N02(N0^-N0) 

5  ^lg/n? 

12  ^Lg/m^ 

12  iig/n? 

SO2 

Thermo  Electron  Corp. 
Model  43  pulsed 
fluorescent  SOp 
analyzer 

25  /ig/m^ 

8  iig/m^ 

25  Mg/m^ 

TSP 

Sierra  Instruments  Model 
GMWC-2000H,  Hi-Vol  with 
constant  flow 

0.5  /ig/m 

+  6%  of 
Toad  or- 
1  iig/m 

1  lig/rrr 
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TABLE  2.3-3.   Percentage  of  time  air  quality  parameters  were 
monitored  during  1  January  -  31  December  1982. 


Component 

Number  of 
Stations 

Percentage  of 
Time  Monitored 

SO2 

2 

92 

NO^ 

2 

99 

O3 

2 

99 

CO 

2 

99 

Suspended 

3 

97 

Particulates 
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2.3.2  Meteorological  Monitoring  Program 

Table  2.3-4  lists  the  meteorological  monitoring  equipment  used. 
Meteorological  data  are  collected  continuously  and  recorded  on  digital 
punch  tapes  eyery   six  minutes.  Strip  charts  are  also  used  at  Sites  A4, 
A6  and  AlO  for  backup  records.  Table  2.3-5  lists  the  percentages  of  data 
recovered  for  each  meteorological  parameter  monitored  on  the  tracts. 

2.3.3  Sound  Level  Measurement  Program 

Sound  level  measurements  are  made  weekly  at  locations  shown  in  Figure 
2.3-3.  The  equipment  used  is  a  Gruel  R.  Kjaer  type  2225  integrating  sound 
level  meter. 

2.3.4  Quality  Assurance/Quality  Control  Program 

The  quality  assurance  program,  including  standard  operating  procedures 
for  quality  control  purposes,  is  described  in  depth  in  the  report,  "Quality 
Assurance  Plan  for  Air  Resources  Monitoring,  Oil  Shale  Lease  Tracts  Ua-Ub" 
(AV-QA-8047R2,  AeroVironment  Inc.,  1982).  In  1982,  the  internal  audits 
described  in  the  report  were  done  on  26-29  January,  21-24  April,  14-16 
July  and  7-9  November.  We  also  participated  in  the  U.S.  EPA  National 
CO  Performance  Audit  Program  in  March  1982. 
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TABLE  2.3-5. 


Percentage  of  data  recovered  for  meteorological 
parameters  during  1  January  -  31  December  1982. 


Component 

Number  of 
Stations 

Percentage  of 
Time  Monitored 

Wind  (10m) 

5 

100 

Wind  (20m) 

1 

88 

Wind  (30m) 

1 

96 

Temperature  (10m) 

5 

100 

A  Temperature  (30-lOm) 

1 

67 

Relative  Humidity 

2 

96 

Sigma  Theta 

2 

99 

Sigma  w 

2 

93 

Net  Thermal  Radiation 

1 

91 

Barometric  Pressure 

1 

95 
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2.4  PROGRAM  RESULTS  AND  ANALYSIS 

2.4.1  Gaseous  Pollutants 

Utah  state  air  quality  standards  for  gaseous  pollutants  are  the  same 
as  the  federal  standards.  For  reference  in  the  ensuing  discussions.  Table 
2.4-1  gives  the  Utah  State  and  National  Ambient  Air  Quality  Standards 
(NAAQS)  for  the  various  gaseous  pollutants  monitored  on  the  tracts. 

The  air  on  the  tracts  was  very  clear  of  gaseous  pollutants.  The 
only  pollutant  present  in  measurable  quantities  was  ozone,  which  has  a 
natural  non-zero  background  level.  Occasional  upward  excursions  of  NO 
from  the  instrument  threshold  were  also  detected  at  Site  A6  during  1982. 
These  excursions  are  attributed  to  emissions  from  blasting  in  the  vicinity 
of  the  station.  Otherwise,  almost  all  instruments  measuring  gaseous  pollu- 
tants were  recording  at  their  threshold  limit  most  of  the  time,  the  same 
situation  as  found  during  the  baseline  period. 

The  1982  data  were  compared  with  the  baseline  (1975-1976)  or  long-term 
(1975-1980)  data.  Generally,  the  data  exhibit  no  significant  abnormalities 
with  respect  to  earlier  data.  When  appropriate,  specific  comments  accompany 
the  discussion  of  each  parameter. 

2.4.1.1   Ozone  (0.,)  Trends  of  the  diurnal  variation  at  Site  A6 
for  January  and  July  1982  and  baseline  are  shown  in  Figure  2.4-1.  The 
daily  minimum  occurs  in  the  early  morning,  while  the  daily  maximum  occurs 
in  the  afternoon.  The  biggest  difference  between  the  maximum  and  minimum 
ozone  values  occurs  in  July  and  the  smallest  difference  in  January. 

Table  2.4-2  gives  the  monthly  averages  of  ozone  for  1982  compared 
to  the  baseline  averages.  Ozone  values  during  the  spring  months,  1982, 
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TABLE  2.4-1.   National  and  Utah  air  quality  standards  for  gaseous  pollutants. 


Pollutant 

Averaging 
Time 

Primary 
Standards 

Secondary 
Standards 

Ozone  (0^) 

1-hour 

240  /ig/m^ 
(0.12  ppm) 

Same  as 
primary 

Carbon  Monoxide  (CO) 

8-hour 

10  mg/rrr 
(9  ppm) 

Same  as 
primary 

1-hour 

40  mg/m 
(35  ppm) 

Same  as 
primary 

Sulfur  Dioxide  (SO2) 

annual 
average 

80  jLig/m 
(0.03  ppm) 

- 

24-hour 

365  /ig/m 
(0.14  ppm) 

- 

3-hour 

- 

1300  /ig/m^ 

(0.5  ppm) 

Nitrogen  Dioxide  (NO^) 

annual 

100  iiq/rn^ 

Same  as 

average 

(0.05  ppm) 

primary 
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TABLE  2.4-2.   Monthly  average  of  1982  0^  (Mg/m  )  compared  to 
baseline  values. 


Month 

Baseline 

1982** 

Jan 

60* 

70 

Feb 

70 

60 

Mar 

70 

63 

Apr 

80 

62 

May 

75 

70 

Jun 

70 

74 

Jul 

80 

72 

Aug 

70 

76 

Sep 

65 

47 

Oct 

55 

84 

Nov 

45 

64 

Dec 

50 

64 

Annual 

67 

67 

♦January  1976  only 
**January-June  is  Site  A6,  July-December  is  Site  A4 
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were  slightly  lower  than  baseline,  while  ozone  was  slightly  higher  during 
the  fall  and  winter.  During  the  spring  months,  there  were  several  frontal 
passages  but  most  of  these  were  dry  and  weak  and  none  of  them  brought 
high  ozone.  The  majority  of  the  time  the  area  was  under  the  influence 
of  warm  high  pressure  cells.  For  the  rest  of  the  year,  the  monthly  averages 
were  comparable  to  those  of  past  years. 

The  seasonal  highest  hourly  concentration,  second  highest  hourly 
concentration,  and  seasonal  averages  for  0^  are  given  in  Table  2.4-3. 
The  highest  and  second  highest  values  for  1982  were  135  /^g/m^  and  133  Mg/m  . 
These  values  were  recorded  during  May  and  September,  respectively.  The 

1982  seasonal  values  were  lower  than  those  observed  during  the  baseline 

-J 
period.  The  nominal  detection  limit  for  the  ozone  analyzer  is  2  /xg/m 

■3 

and  the  instrument's  validity  limit  is  +6  /xg/m  . 

Figure  2.4-2  shows  the  monthly  maximum  hourly  values  and  means,  as 
well  as  the  mean  daily  maximum  hourly  averages  for  1982  compared  to  the 
baseline  period.  The  highest  maximums  and  means  were  in  the  late  spring 
and  late  summer  in  1982.  The  lowest  averages  occurred  during  late  fall 
and  early  winter.  The  monthly  maximum  values  for  January,  October  and 
November  were  higher  than  baseline  values.  The  mean  daily  maximum  hourly 
averages  for  January  through  April  had  lower  values  than  baseline. 

Figure  2.4-3  shows  the  trend  of  monthly  averaged  ozone  from  February 

■3 

1975  through  December  1982.  The  highest  monthly  average  of  96  /xg/m  occurred 
in  February  1979.  That  month  was  very  cold  and  stormy  with  an  unusual 
amount  of  upper-level  ozone  intrusions  accompanying  frontal  passages. 
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TABLE  2.4-3. 


Comparison  of  the  seasonal  highest  and  1-hour  0^  readings  (in 
/ig/m  ),  as  well  as  the  seasonal  averages  at  Sites  A4  and  A6 
for  the  baseline  period  (1975-1976)  and  1982. 


Season 

Peak 
Concentration 

Second  Highest 
Concentration 

Seasonal 
Average 

Baseline 

1982 

Baseline 

1982 

Baseline 

1982 

Winter 

150 

129 

150 

122 

70 

65 

Spring 

150 

135 

140 

123 

75 

67 

Summer 

140 

123 

140 

119 

75 

74 

Fall 

140 

133 

120 

118 

55 

65 

Note:  Data  based  on  Site  A6  --  January  through  June  1982 
Data  based  on  Site  A4  --  July  through  December  1982 
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Ozone  levels  are  generally  lowest  in  October  and  November  with  peak  values 
during  the  late  spring,  early  summer  months. 

Figure  2.4-4  shows  the  trend  in  the  annual  averages  of  ozone  at  Site  A6 
since  1975. 

Figures  2.4-5  and  2.4-6  show  annual  ozone  pollution  roses  at  Site  A6 
and  Site  A4  for  1982.  The  majority  of  low  O3  concentrations  (<50  /xg/m^) 
occur  with  the  wind  blowing  from  the  east-southeast  at  Site  A6  --  the 
nighttime  drainage  flow.  The  highest  values  (100  to  150  ^tg/m'^)  occur 
with  the  wind  from  a  variety  of  directions  at  both  Site  A6  and  A4,  tending 
to  rule  out  local  precursors  and  implicate  influxes  of  ozone  from  natural 
origins. 

According  to  Chan  and  Smith  (1981),  the  ozone  concentrations  at  Site  A6 
depend  a  great  deal  on  the  ozone  content  of  the  troposphere.  Year-to- 
year  variability  correlates  with  the  passage  of  fronts  over  the  site. 

•3 
Unusually  high  ozone  concentrations  (>100  /xg/m  )  can  be  attributed  to 

ozone  intrusions  accompanying  frontal  passages,  strong  turbulent  atmospheric 

mixing  that  brings  ozone  from  aloft  to  the  surface,  or  long-range  transport 

from  urban  areas. 

Ozone  data  collected  simultaneously  at  Sites  A6  and  A4  were  analyzed 

statistically  for  similarity  to  determine  the  degree  of  continuity  in 

the  background  air  quality  data  measured  for  Tracts  Ua-Ub.  The  question 

is  whether,  on  the  basis  of  a  5%   level  of  significance,  there  are  significant 

differences  between  the  means  of  ozone  collected  at  Sites  A4  and  A6  for 

the  period  16  June  1982  to  27  September  1982. 
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FIGURE  2.4-5.  Annual  ozone  pollution  rose  at  Site  A6. 
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FIGURE  2.4-6.       Annual  ozone  ponution  rose  at  Site  A4, 
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The  following  illustrates  the  mean,  variance  and  standard  deviation 
in  ppm  for  both  sites: 

Site  A4  Site  A6 

Mean:  0.0332687  0.0324353 

Variance:    .       0.000159940  0.000202405 

Standard  Deviation:   0.0126467  0.0142269 

A  two-tailed  t-test  was  performed  to  determine  if  the  mean  ozone 
at  A4  differed  from  A6,  leading  to  t|^_„  =  1.7757234.  Therefore,  since 
the  critical  t  values  are  1.96  and  -1.96,  with  955S  confidence  we  cannot 
reject  our  hypothesis  that  the  mean  ozone  values  at  A4  and  A6  are  the 
same.  The  best  fit  line  by  least  squares  has  a  slope  equal  to  0.864621 
and  an  intercept  equal  to  0.00367044.  The  linear  correlation  coefficient 
equals  0.768588  with  an  "F"  distribution  of  2371.45  and  a  "standard  error 
of  estimate"  of  0.00910436.  Figure  2.4-7  is  a  scatter  diagram  of  the 
ozone  data  at  A4  and  A6. 

Since  the  analysis  shows  that  with  95%  confidence  the  null  hypothesis 
cannot  be  rejected,  the  pollutant  concentrations  measured  at  Sites  A4 
and  A6  do  not  differ  significantly  for  background  air  quality. 

2.4.1.2  Carbon  Monoxide  (CO)  Table  2.4-4  gives  the  highest,  second 
highest,  and  average  one-hour  and  eight-hour  CO  concentrations  at  Sites 

A6  and  A4  for  each  season.  During  1982,  the  maximum  one-hour  concentration 

3  3 

was  1.7  mg/m  and  the  maximum  eight-hour  reading  was  1.2  mg/m  .  These 

3  o 

are  lower  than  the  3.0  mg/m  and  1.8  mg/m  recorded  during  the  baseline 

period.  Most  of  the  values  are  near  zero  and  overall  CO  levels  have  not 
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FIGURE  2.4-7.  Plot  of  linear  correlation, 
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changed  appreciably.  All  values  are  well-below  the  national  standards 
of  40  mg/nr   (one-hour)  and  10  mg/nr   (eight-hour). 

The  normal  background  level  is  0.5  mg/m  and  practically  all  the 
readings  fall  around  or  below  this  value.  No  diurnal  or  seasonal  variations 

are  observed  in  the  CO  levels.  Readings  are  generally  near  the  detection 

"I 
limit  of  the  instrument,  0.1  mg/m  . 

2.4.1.3  Nitrogen  Dioxide  (NO^j^  Of  the  nitrogen  oxides,  only  NO2 
has  a  National  Ambient  Air  Quality  Standard  (annual  average  of  lOO/xg/m  ). 
Table  2.4-5  shows  the  seasonal  highest,  second  highest,  and  seasonal  averages 
for  both  the  baseline  period  and  1982.  The  California  standard  (for  reference) 
IS  a  one-hour  average  of  470 /xg/m  .  This  table  also  shows  the  annual 
averages.  The  highest  and  second  highest  one-hour  values  during  1982 

were  61  and  47  /xg/m  ,  recorded  during  the  summer  season.  Activity  on 

the  tracts  during  the  first  part  of  the  Baseline  Program  could  have  produced 

3 
the  high  values  of  100  fig/m   ,  and  increased  activity  in  1982  probably 

produced  the  high  readings  during  this  period. 

3 

The  precision  of  the  instrument  is  around  12  /xg/m  and  readings  are 

generally  below  this  value  and  near  the  lower  detection  limit  of  this 

3 
instrument  (5Mg/m  ). 

2.4.1.4  Sulfur  Dioxide,  SOp  Table  2.4-6  compares  the  1982  and  baseline 
period's  highest,  second  highest,  and  seasonal  averages  for  both  the  three- 
hour  and  24-hour  readings  of  S0«.  No  seasonal  or  diurnal  trend  is  evident. 
Values  are  higher  than  in  the  past,  although  most  values  are  near  or  below 

the  detection  limit  of  the  instrument,  25  (xg/nr ,     The  highest  three-hour 

3 
SO2  reading  of  37  Mg/m"^  was  recorded  during  the  summer  of  1982.  The  standard 
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TABLE  2.4-5.   Comparisons  of  the  seasonal  highest  and  second  highest  one-hour 
NOp  concentrations  (iig/m  )   as  well  as  the  seasonal  averages 
at  Sites  A4  and  A6  for  1982  and  Site  A6  for  the  baseline  period. 


Season 

Peak 
Concentration 

Second  Highest 
Concentration 

Seasonal 
Average 

Baseline 

1982 

Baseline 

1982 

Baseline 

1982 

Winter 

30 

31 

30 

27 

2 

4 

Spring 

20 

30 

20 

26 

2 

6 

Sumner 

100 

61 

90 

47 

12 

2 

Fall 

100 

26 

80 

20 

5 

1 

Annual 

100 

31 

90 

36 

5 

4 

Note:  Site  A6  data 
Site  A4  data 


January  through  June  1982 
July  through  December  1982 
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•3 

for  a  three-hour  averaging  time  is  1,300  Mg/ni.  The  highest  24-hour  S0« 
reading  was  23  /xg/m  ,  recorded  during  the  summer.  Again,  this  reading 
is  well  below  the  24-hour  standard  of  365  Mg/m  .  The  annual  average  on 
the  tracts  has  always  been  10  /xg/m  ,  compared  to  the  annual  standard 
of  80  /xg/m^. 

2.4.1.5  Total  Suspended  Particulate  (TSP)  Particulate  concentrations 
are  monitored  by  high-volume  samplers  which  sample  over  a  period  of  24 
hours  once  every  six  days  at  Site  A6  and  every  day  at  Sites  A4  and  AlO. 
The  size  of  the  particulate  matter  collected  by  the  samplers  ranges  from 
below  1  fxm   to  100 /xm.  Two  TSP  samplers  were  operated  at  Site  A5  until 
mid  October,  one  called  the  designator  and  the  other  called  the  col  locator. 
Two  TSP  samplers  were  installed  at  Site  A4  in  November. 

The  col  locator  was  established  to  determine  the  precision  of  the 
TSP  data.  The  accuracy  of  the  data  was  determined  through  periodic  audits. 
Standard  procedures  for  calculating  the  precision  and  accuracy  are  detailed 
in  the  PSD  guidelines  Sections  6.3.2.1  and  6.3.2.2  (U.S.  EPA,  1978). 
They  also  appear  in  44  Federal  Register  27477  (May  1979). 

Table  2.4-7  shows  the  computed  precision  and  accuracy  of  the  TSP 
samples  during  days  when  both  samplers  were  operating  at  Sites  A6  and 
A4.  This  table  includes  only  those  days  when  both  samplers  were  operating 
simultaneously  for  24  hours.  The  wide  range  of  the  95%  confidence  limits 
during  the  January-March  quarter  is  attributed  to  the  low  concentrations 
recorded.  For  example,  a  difference  of  1  ^tg/m^  at  values  less  than  20  /xg/m 
is  significant,  whereas  at  higher  values,  the  percent  difference  would 
not  be  as  significant.  Some  incomplete  samples  from  the  col  locator  during 
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the  fall  months  were  not  included  in  the  precision  computations.  Four 
internal  audits  for  accuracy  (November  1981,  April,  July,  and  November 
1982)  were  conducted.  Audit  results  of  the  designator  sampler  are  also 
shown  in  Table  2.4-7. 

Tables  2.4-8  and  2.4-9  gives  the  geometric  mean,  standard  geometric 
deviation,  maximum  and  minimum  of  the  total  suspended  particulate  concentra- 
tions  in  /ag/m^  at  Sites  A6,  A4  and  AlO.  The  baseline  period  and  1982 
values  are  shown  by  season  for  Site  A6. 

The  geometric  mean  given  can  be  considered  to  correspond  to  the  concen- 
tration expected  at  a  50^  frequency  because  particulate  concentrations 
are  generally  lognormally  distributed.  The  geometric  mean  particulate 

concentration  during  1982  ranged  from  8.5  Mg/m  during  the  winter  months 

3 
to  19.1  Atg/m  during  the  summer.  The  maximum  24-hour  value  for  1982  at 

o 

Site  A6  and  A4  was  75.9Atg/m  recorded  on  30  April  1982.  The  maximum 
value  for  Site  AlO  was  60.1  ^JLg/n?   recorded  on  21  July  1982. 

None  of  the  recorded  values  exceeded  national  or  state  standards, 
which  are  given  in  Table  2.4-10.  The  most  stringent  short-term  standard 
is  the  National  Secondary  Standard,  which  sets  the  upper  limit  at  150Atg/m"^, 
averaged  over  24  hours;  this  is  not  to  be  exceeded  more  than  once  a  year. 

2.4.2  Background  Averages 

Table  2.4-11  gives  the  annual  averages  for  the  pollutants  monitored 
on  the  tracts  from  1975  through  1982.  Generally,  the  values  were  slightly 
higher  during  1982  for  O3,  NO^,  and  SO2.  The  values  recorded  during  the 
interim  period  are  more  representative  of  true  background  conditions  since 
during  this  time  activities  on  the  tracts  were  at  a  minimum. 
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TABLE  2.4-8.  Geometric  means,  standard  geometric  deviations,  and  maximum  and 
minimum  particulate  concentrations  (ug/m  )  for  baseline  period 
(1975,  1976)  and  1982  at  Sites  A6  andAA. 


Season 

Baseline 

1982** 

Geometric  Mean 

Winter 
Spring 
Summer 
Fall 

14.2* 
17.2 
37.0 
27.2 

8.5 
18.9 
19.1 
11.9 

Standard 

Geometric 

Deviation 

Winter 
Spring 
Summer 
Fall 

2.6* 
1.9 
1.4 
2.0 

1.8 
1.6 
1.5 
2.0 

Maximum 

Winter 
Spring 
Summer 
Fall 

51.9* 
42.0 
74.7 
101.2 

22.7 
75.9 
58.1 
43.3 

Minimum 

Winter 
Spring 
Summer 
Fall 

3.5* 
4.9 
18.7 
4.9 

1.4 
9.1 
6.4 
2.5 

Geometric  Mean 

Annual 

24.0 

14.5 

Standard 

Geometric 

Deviation 

Annual 

2.5 

1.9 

*1976  only,  insufficient  data  for  1975. 
**Site  A6  --  January  to  mid-April  1982 
Site  A4  --  Mid-April  through  December  1982 
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TABLE  2.4-9. 


Geometric  means,  standard  geometric  deviations,  and 
maximum  and  minimum  particulate  concentrations 
(/ig/m  )  for  1982  at  site  AlO. 


Season 

1982 

Geometric  mean 

Winter* 
Spring 
Summer 
Fall 

7.7 

21.0 
11.5 

Standard 

Geometric 

Deviation 

Winter* 
Spring 
Summer 
Fall 

1.6 

1.6 
2.0 

Maximum 

Winter* 
Spring 
Summer 
Fall 

20.1 

60.1 
48.8 

Minimum 

Winter* 
Spring 
Summer 
Fall 

2.8 

7.8 
2.6 

Geometric  mean 

Annual 

13.9 

Standard 

Geometric 

Deviation 

Annual 

2.0 

*Winter  season  includes  data  from  the  month  of  December  only. 
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TABLE  2.4-10.  National  and  Utah  state  ambient  air 
quality  standards  for  particulate  matter 
(/ig/m  ). 


Pollutant 

Averaging 
Time 

Standards 

Primary 

Secondary 

Suspended 

Particulate 

Matter 

Annual  Geometric 
Mean 

24-hour 

75 
260 

60 
150 

2-39 
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The  changes  in  the  annual  geometric  means  for  TSP  during  the  past 
six  years  seem  to  be  related  to  the  changes  in  annual  average  wind  speeds 
on  the  tracts  at  Site  A6.  The  annual  average  wind  speeds  from  1975  through 
1982  were  4.0,  4.2,  3.1,  2.8,  2.9,  3.1,  2.9,  and  2.5  m/s,  respectively. 

2.4.3  Climatic  Regimes 

Before  discussing  the  details  of  the  transport  and  dispersion  character- 
istics of  the  atmosphere  over  the  Ua-Ub  tracts,  it  would  be  appropriate 
to  summarize  the  major  weather  systems  that  affect  the  large-scale  movement 
of  air  masses  over  the  area. 

The  horizontal  transport  of  an  air  mass  is  a  consequence  of  large- 
scale  differences  in  air  pressure.  The  factor  determining  Utah's  weather 
during  the  winter  months  is  the  location  and  strength  of  the  Intermountain 
Region  High  Pressure  Cell.  Figure  2.4-8a  shows  the  normal  January  sea 
level  pressure  and  temperature.  Storm  tracks  during  mid-winter  tend  to 
pass  north  through  Montana  and  through  southern  Utah.  After  February, 
storm  tracks  are  more  prevalent  over  northern  Utah  as  the  strength  of 
the  Basin  High  wanes.  Precipitation  is  highest  during  the  spring  months. 

During  the  summer  months  (Figure  2.4-8b),  the  pressure  is  lower  and 
sporadic  moisture  from  the  Gulf  of  Mexico  brings  periods  of  scattered 
thundershowers.  Beginning  September,  the  storm  fronts  from  the  north 
increase  in  probability  but  are  interspersed  with  many  periods  of  clear 
weather  when  high  pressure  builds  up  in  the  Intermountain  Basin. 

2.4.3.1  Synoptic  Summary  -  1982  The  pressures  were  lower  than  normal 
over  the  Intermountain  Basin  during  January,  as  highly  variable  weather 
patterns  dominated  the  tracts.  Pressure  patterns  into  May,  however,  were 
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normal.  Several  periods  of  thunder  storm  activity  occurred  from  May  into 
September,  especially  during  September  when  remnants  of  tropical  storm 
Olivia  brought  500%  total  rainfall  for  the  month. 

Increase  in  storm  activity  during  October  alternating  with  strong 
high  pressure  systems  gave  a  hint  of  the  storminess  which  came  in  November 
and  December  1982. 

2.4.4  Meteorological  Data 

Meteorological  data  for  1982  is  summarized  below  and  compared  quantita- 
tively with  the  Baseline  (1975-1976)  Program  data  to  identify  any  significant 
changes. 

2.4.4.1  Surface  Flow  As  usual,  the  rugged  terrain  features  in  the 
area  complicated  the  airflow  pattern.  Table  2.4-12  shows  the  prevailing 
direction  and  speed  by  month  for  the  four  wind  sites.  Spatial  variation 
in  wind  speed  on  the  tracts  was  also  observed  through  the  baseline  and 
interim  periods.  Generally,  nighttime  drainage  flow  was  prevalent  throughout 
the  year.  Figure  2.4-9  shows  the  typical  airflow  streamlines  for  the 
early  morning  drainage  pattern.  The  solid  arrows  on  this  figure  are  wind 
vectors  at  the  monitoring  sites,  and  the  longer  lines  are  estimated  flow 
streamlines.  The  large  open  arrow  depicts  the  mesoscale  flow  direction 
in  the  greater  White  River  drainage  basin.  The  drainage  pattern  did  not 
deviate  significantly  throughout  the  year.  This  figure  was  prepared  from 
averaged  wind  observations  in  1982  at  the  four  wind  sites,  plus  knowledge 
of  the  wind  flow  pattern  as  presented  in  reports  prepared  for  the  baseline 
and  interim  periods.  The  drainage  flow  is  always  from  higher  to  lower 
terrain,  as  noted  during  the  baseline  period. 
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Figure  2.4-10  shows  an  upslope  pattern  that  is  transitional  between 
drainage  and  synoptic  flow.  The  surface-based  inversion  that  results 
from  strong  radiative  cooling  begins  to  lose  some  of  its  strength  shortly 
after  sunrise.  As  the  morning  progresses,  the  heat  gained  by  the  surface 
from  solar  radiation  exceeds  that  lost  by  terrestrial  radiation  and  the 
soil  temperature  rises,  warming  the  air  above.  This  creates  a  pressure 
difference  resulting  in  upslope  flow.  This  pattern  is  transitional  and 
generally  lasts  less  than  an  hour,  but  is  important  in  understanding  pollu- 
tant dispersion  since  plume  fumigation  would  occur  under  this  condition. 
Because  of  its  brevity,  this  pattern  is  lost  in  the  hourly-average  wind 
direction.  This  pattern  begins  earlier  during  the  summer  months  than 
during  the  winter  when  the  sun  rises  later. 

Figure  2.4-11  shows  afternoon  streamlines  on  the  tracts  during  1981. 
yery   little  directional  difference  is  noted  except  the  average  speeds 
are  higher  during  the  summer.  No  significant  difference  from  the  baseline 
period  is  noted.  This  is  the  average  synoptical ly-induced  flow  encountered 
in  this  portion  of  Utah  throughout  the  year. 

Figures  2.4-12  and  2.4-13  give  the  average  hourly  wind  speeds  for 
January  and  July  1982.  Both  January  and  July  1982  wind  speeds  were  lower 
than  the  baseline  averages.  The  maximum  winds  occur  during  the  afternoon 
in  the  summer  months. 

Figures  2.4-14  through  2.4-17  show  the  directional  wind  roses  at 
the  monitoring  stations  on  the  tracts  using  the  mid-month  of  the  four 
seasons  (January,  April,  July,  and  October  1982).  Although  individual 
months  may  show  different  prevailing  directions,  SSE  and  SE  has  been  the 
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most  prevalent  direction  at  Site  A6  throughout  the  baseline  and  interim 
periods.  The  frequent  occurrence  of  this  wind  direction  is  a  direct  result 
of  the  drainage  flow  at  Site  A6.  Site  A4  shows  prevailing  direction  from 
the  Northwest  because  the  drainage  flow  is  weaker. 

2.4.4.2  Temperature  Figure  2.4-18  shows  the  diurnal  variation  in 
temperature  and  standard  deviation  for  January  and  July  1982  at  Site  A6. 
Superimposed  on  this  for  comparison  are  the  average  baseline  values. 
The  daily  maximum  temperature  was  generally  observed  between  1400  and 
1600  MST,  while  the  daily  minimum  was  observed  between  0400  and  0700  MST. 
The  average  temperatures  were  -6°  C  for  January  1982  and  24°  C  for  July 
1982.  These  are  shown  on  Figure  2.4-19  along  with  the  maximum,  mean  and 
minimum  for  each  month  in  1982  as  compared  to  the  maximum,  mean  and  minimum 
for  the  baseline  period.  During  the  entire  monitoring  period,  the  highest 
July  temperature  observed  was  36°  C  during  July  1976,  August  1979,  and 
June  at  Site  A6  and  July  1982  at  Site  A4;  the  lowest  temperature  observed 
was  -30°  C  during  January  1979. 

2.4.4.3  Relative  Humidity  The  diurnal  variation  of  relative  humidity 
is  approximately  the  reciprocal  of  temperature,  indicating  that  the  amount 
of  moisture  in  the  air  remains  fairly  constant  during  the  day  on  the  tracts. 
Figures  2.4-20  and  2.4-21  show  the  diurnal  trend  of  the  average  and  standard 
deviations  for  a  winter  month  (January)  and  summer  month  (July)  at  Site  A6. 
Less  storminess  in  January  1982  is  reflected  by  the  low  relative  humidity 
values  compared  to  the  baseline  period.  Relative  humidity  in  July  1982 

was  also  lower  than  the  baseline  average  because  of  greater  persistance 
of  high  pressure.  The  air  is  drier  in  summer  than  in  the  winter.  The 
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highest  average  readings  are  found  in  winter  from  0400  through  0800  MST. 
The  lowest  values  are  found  during  summer  afternoons  between  1400  and 
1600  MST.  Table  2.4-13  shows  the  seasonal  distribution  of  relative  humidity 
at  0500,  1100,  1700,  and  2300  hours  for  Site  A6,  (corresponding  to  the 
reporting  times  of  the  National  Weather  Service).  On  an  annual  basis, 
relative  humidity  in  1982  was  slightly  less  than  the  baseline  average. 

2.4.4.4  Barometric  Pressure  Figure  2.4-22  gives  the  mean  monthly 
barometric  pressure  as  well  as  the  maximum  and  minimum  monthly  barometric 
pressure  at  Site  A6  for  1982.  The  highest  value  observed  was  644  mm  of 

Hg  during  January  1982,  and  the  lowest  value  was  615  mm  of  Hg,  also  during 
January  1982.  The  winter  storms  cause  the  lowest  readings  and  the  basin 
highs  bring  the  highest  readings.  During  the  summer  the  air  mass  systems 
are  much  weaker  and,  consequently,  not  much  change  in  the  pressure  is 
evident. 

2.4.4.5  Net  Thermal  Radiation  Figure  2.4-23  shows  the  average  hourly 
net  thermal  radiation  at  Site  A6  during  January  and  July  1982.  As  expected, 
the  radiation  is  higher  in  the  sunmer  due  to  the  longer  days,  more  intense 
sunlight,  and  less  cloudiness.  Highest  values  during  the  day  generally 
occurred  around  noon. 

2.4.4.6  Diffusivity  When  a  gaseous  pollutant  in  the  form  of  a  plume 
or  puff  is  released  into  the  atmosphere  it  is  transported  by  the  prevailing 
wind.  As  it  travels  downwind  its  concentration  decreases  as  its  volume 
increases.  Its  growth  in  the  vertical  is  governed  mainly  by  the  atmospheric 
stability,  while  its  growth  in  the  horizontal  depends  not  only  upon  stability 
but  on  mechanical  turbulence.  Mechanical  turbulence  is  defined  as  irregular 
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airflow  induced  by  surface  roughness.  A  surrogate  of  mechanical  turbulence 
is  the  fluctation  of  wind  direction,  or  sigma  theta. 

Using  a^  data  from  Site  A6,  the  frequency  distribution  of  different 
"stability"  ("diffusion")  classes  is  computed  in  Table  2.4-14.  The  classifi- 
cation scheme  used  follows  that  in  the  Atomic  Energy  Safety  Guide  23  (AEC, 
1972)  and  appears  in  Table  2.4-15. 

When  the  entire  year  is  considered,  stability  Classes  D  and  E  are 
the  most  prevalent  and  the  unstable  classes  (A,  B,  and  C)  account  for 
20%  of  the  values. 

A  complete  dispersion  picture  must  also  include  the  effect  of  plume 
rise.  The  meteorological  parameters  that  greatly  influence  the  height 
of  a  plume  are  vertical  atmospheric  (thermal)  stability  and  wind  speed. 
Vertical  atmospheric  stability  can  be  best  defined  by  AT  data.  In  equations 
derived  by  Briggs  (1974)  for  calculating  plume  height,  only  three  atmospheric 
stability  classes  are  needed.  The  classification  scheme  is  listed  in 
Table  2.4-16. 

Figures  2.4-24  and  2.4-25  show  the  diurnal  variation  of  AT  collected 
at  Site  A6  for  two  months,  January  (winter)  and  July  (summer)  1982.  Because 
of  the  general  cloudiness  in  January,  the  development  of  strong  nocturnal 
stability  was  prohibited.  Therefore,  there  was  only  a  small  diurnal  variation 
in  the  mean  AT  and  the  stability  was  almost  always  slightly  stable  or 
neutral  throughout  the  entire  day.  Very  stable  or  slightly  stable  atmospheric 
conditions  prevailed  in  early  morning  and  evening  during  July.  In  the 
afternoon,  neutral  or  unstable  conditions  were  a  general  rule. 
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TABLE  2.4-15.   Classification  of  atmospheric  stability  using  a«. 


stability 
Classification 

Pasquill 
Categories 

(degrees) 

Extremely  unstable 

A 

25.0 

Moderately  unstable 

B 

20.0 

Slightly  unstable 

C 

15.0 

Neutral 

D 

10.0 

Slightly  stable 

E 

5.0 

Moderately  or  very 
stable 

F 

2.5 

Extremely  stable 

G 

1.7 

Source:  Atomic  Energy  Safety  Guide  23  (AEC,  1972) 


♦Standard  deviation  of  horizontal  wind  direction  fluctuation 
over  a  period  of  15  minutes  to  one  hour.  The  values  shown 
are  averages  for  each  stability  classification. 
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TABLE  2.4-16.   AT  stability  scheme. 


Stability 

AT  (°C/100m) 

1. 

Unstable  and 

Neutral 

<-0.5 

2. 

Slightly  Stable 

-0.5  to  1.5 

3. 
Very  Stable 

>1.5 

Source:  Briggs,  1974 
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The  frequency  distribution  of  stabilities  for  each  season  based  on 
AT  appears  in  Table  2.4-17.  This  table  shows  that  very  stable  conditions 
occurred  more  often  during  fall  and  winter.  Unstable  or  neutral  activities 
occurred  during  the  spring.  The  instrument  for  1982  measures  AT  to  within 
+  0.1°C  20  meters  over  the  measurement  interval.  Accuracy  was  below  this 
level  in  the  baseline  period;  hence,  no  comparison  of  the  AT  data  is  attempted. 

Over  the  entire  set  of  joint  frequency  distributions,  the  combination 
of  very  stable  atmosphere  { AT>  1.5°C/100  m)  with  low  wind  speeds  (<  3.5  m/s) 
occurred  29%  of  the  time  during  1982,  with  such  occurrences  most  frequent, 
~41%,  in  the  winter.  Table  2.4-18  shows  the  relative  frequencies  of 
such  occurrences  by  seasons  for  1982. 

2.4.5  Sound  Levels 

Sound  level  measurements  show,  as  expected,  that  the  Ua  and  Ub  area 
sound  levels  were  low  (24-26  dB(A)  with  no  wind  at  sites  away  from  the 
White  River)  and  uniform  from  season  to  season.  Noise  sources  were  primarily 
natural  (such  as  insects,  running  water,  rustling  grass,  wind).  Background 
levels  near  the  White  River  ranged  from  approximately  30  dB(A)  to  50  dB(A) 
in  moderate  wind. 

These  measurements  were  resumed  in  October  1981  to  update  the  baseline 
sound  levels  before  construction  begins.  The  typical  background  noise 
levels  in  1982  were  between  20  to  30  dB(A)  and  the  highest  value  was  74  dB(A) 
at  the  Ignacio  site  when  several  bulldozers  were  operating. 

The  background  (natural)  noise  levels  measured  are  yery   dependent 
upon  winds.  Water  running  in  the  White  River  is  a  more  localized  source 
of  natural  noise.  Areas  closer  to  these  sources  are  correspondingly  noisier. 
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TABLE  2.4-17.   Relative  frequency  distribution  (%)  of  AT  at  Site  AS  for  1982, 


Season 

Stability  (  AT  in  °C/100m) 

Unstable 

or 
Neutral 
(<-0.5) 

Slightly 

Stable 

(-0.5  to  1.5) 

Very 
Stable 
(>1.5) 

Total 

Number 

of 

Observations 

Winter 
Spring 
Summer 
Fall 

All  Year 

35 
47 
29 
31 

36 

23 
31 
40 
30 

31 

42 
22 
31 
39 

33 

1450 

2209 

1325 

640 

5624 
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TABLE  2.4-18.  Relative  frequency  {%)   of  low  wind  soeed  (<3.5 

m/s)  combined  with  very  stable  {>1.5  C/100  m)  atmosphere 
for  each  season  in  1982  at  Site  A6. 


Season 

Frequency 
(%) 

Total 
Observations 

Winter 

40.8 

591 

Spring 

20.4 

451 

Summer 

25.9 

343 

Fall 

29.4 

188 

All  Year 

29.1 

1573 
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On  the  tracts,  noises  from  human  activities  add  to  the  natural  background. 
Along  roads  the  increase  is  greater,  as  expected.  Vehicles  account  for 
the  highest  sound  level  measurements. 
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VEGETATION    RESOURCES 


3.0  VEGETATION  RESOURCES 

3.1  INTRODUCTION 

The  following  section  discusses  the  vegetation  monitoring  studies  con- 
ducted during  1982  by  Native  Plants,  Inc.  under  contract  to  WRSOC.  The  vege- 
tation monitoring  program  under  the  direction  of  Dr.  Cyrus  McKell  incorporates 
data  from  the  1975-76  baseline  studies  with  the  data  collected  on  Tracts  Ua 
and  Ub  since  that  time.  There  has  been  a  concerted  effort  to  document  exist- 
ing conditions  and  determine  interactions  between  the  vegetation  and  abiotic 
and  biotic  factors  on  the  tracts.  The  vegetation  monitoring  program  affords 
two  important  advantages: 

0  documentation  of  vegetation  responses  to  natural  fluctuation  or  varia- 
tion, that  could  otherwise  be  interpreted  as  impacts  of  development; 
and 

0  identification  of  problems  early  before  they  become  serious,  enabling 
corrective  measures  or  contingencies  to  be  initiated  prior  to  any 
irreversible  environmental  damage. 
The  vegetation  monitoring  program  is  also  designed  to  provide  data  that 
describes  the  possible  effects  on  the  vegetation  community  caused  by  oil 
shale  mining,  processing  and  disposal  of  the  retorted  shale.  The  array  of 
vegetation-related  parameters  used  in  monitoring  includes  key  vegetation- 
related  characteristics  that  are  vital  to  ecosystem  function.  The  character- 
istics are  sensitive  to  immediate  impacts  of  development  or  to  cumulative 
influences  plus  interactions  with  affected  ecosystem  processes.  The  monitor- 
ing program  includes  variables  that  are  indicative  of  environmental  health  and 
responsive  to  environmental  impact. 
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3.2  SUMMARY 

The  vegetation  monitoring  program  was  composed  of  eight  interrelated 
tasks  that  are  designed  to  document  existing  conditions,  determine  and  quant- 
ify interaction  between  the  vegetation  and  abiotic  and  biotic  factors,  and 
provide  a  means  of  identification  of  impacts  on  the  vegetation  by  development, 
A  summary  of  the  results  for  1982  for  each  of  those  eight  components  follows. 

3.2.1  Production  of  Annual  Plant  Biomass 

Production  of  Annual  Plant  Biomass  was  relatively  high  in  1982  with  the 
total  of  all  four  community  types  averaging  28.7  gm/m^.  This  was  lower  than 
only  1975,  1978  and  1979,  which  had  217.3,  30.5  and  30.6  gm/m^,  respective- 
ly. The  riparian  vegetation  type  again  had  the  highest  biomass  and  cover  of 
the  four  vegetation  types  considered,  averaging  68.1  gm/m^  and  18.2%.  The 
Juniper  type  had  the  lowest  biomass  and  cover,  averaging  0.4  gm/m^  and  0.2%. 
The  Shadscale  type  averaged  24.7  gm/m^  for  production  and  6.4%  for  cover, 
while  the  Sagebrush-Greasewood  areas  averaged  21.4  gm/m^  for  production  and 
5.5%  cover.  Precipitation  records  were  compared  with  annual  plant  biomass 
data  and  production  appears  to  be  better  correlated  with  October  through  May 
precipitation  than  strictly  Spring  (April-June)  precipitation.  Since  these 
earlier  months  represent  a  period  of  soil  water  recharge,  as  well  as  the 
germination  for  most  annuals,  the  October  through  May  data  would  appear  to  be 
a  better  indicator  of  annual  species  success. 

3.2.2  Sagebrush  Leader  Growth 

Over  the  eight  years  of  study,  sagebrush  stem  growth  ranged  from  2.7  cm 
in  1977  to  a  high  of  8.4  cm  in  1979.  The  data  for  1982  on  sagebrush  leader 
growth  (4.8  cm)  was  the  third  lowest  value  recorded  during  this  time  period. 
An  analysis  of  variance  (ANOVA)  was  performed  on  the  data  (Sites  1-6)  for  the 
eight  years  of  record.  The  results  point  out  that  there  was  a  significant 
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difference  between  years.  An  ANOVA  test  comparing  sites  also  showed  signifi- 
cant differences.  Site  3  had  significantly  longer  stem  lengths  than  any  of 
the  other  sites. 

Growing  conditions  for  sagebrush  in  1982  should  have  been  very  good  for 
stem  growth,  but  this  is  not  generally  reflected  in  the  stem  lengths  data 
recorded.  The  variable  of  stem  length  is  apparently  highly  correlated  with 
fall-winter  precipitation.  The  precipitation  for  the  fall-winter  period 
averaged  6.00  inches  which  was  the  second  highest  average  recorded  to  1979. 
Stem  length  was  considerably  below  the  value  that  would  be  predicted  strictly 
by  the  regression  equation  but  still  within  the  95%  prediction  interval. 

3.2.3  Plant  Chemical  Composition 

Sagebrush  leaders  from  the  seven  sagebrush  stem  growth  sites  were  analyz- 
ed for  molybdenum,  arsenic,  sodium,  calcium,  magnesium,  sulfates,  mercury, 
cadmium  and  boron.  These  parameters  were  selected  because  they  had  the 
potential  to  accumulate  in  plant  tissue  as  a  result  of  industrial  development. 
Values  obtained  from  the  analyses  all  show  levels  within  the  normal  range  of 
concentrations  within  plants.  These  values  will  serve  as  baseline  data  for 
later  comparisons  after  the  extraction  plant  is  in  operation. 

3.2.4  Litterfall  Measurements 

A  total   of  242  litter  traps  were  placed  underneath  seven  dominant  species 
of  shrubs  or  trees,   at  locations  scattered  throughout  the  tracts  to  assess  the 
amount  of  biomass  returning  to  soil.     The  data  on  litterfall  will   serve  as 
baseline  in  assessing  the  health   and  vigor  of  the  dominant  species  in  the 
area,   as  well    as  providing  information  on  nutrients  returning  to  the  soil    and 
food  resources  to  many  small    animals.     Litterfall   was  highest  (on  a  weight   per 
size  index  or  volume)  for  shadscale  at  174  gm/m3.     Sagebrush  averaged  118.5 
gm/m3,  followed  by  spiny  hops  age  (74.9  gm/m^),  greasewood  (40.5  gm/m^). 
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rabbitbrush  (39.5  gm/m^)  and  finally,  fourwing  saltbush  (38.4  gm/m^). 
Juniper  litter  traps  were  not  equivalent  to  those  traps  used  for  the  six  shrub 
species  and  should  not  be  compared  with  litterfall  from  these  species. 
Litterfall  under  Juniper  did  decrease  in  1982  (112  g/m2)  from  1981  (123 
g/m2)  levels,  however,  the  decrease  was  not  significant. 

3.2.5  Assessment  of  Animal  Utilization  of  Plants 

Animal  use  of  shrubs  was  assessed  using  the  Cole  Browse  Survey  at  six 
sites  utilizing  three  key  forage  species.  June  1982  data  showed  that  sage- 
brush leader  growth  was  browsed  (66%)  more  than  shadscale  (47%)  and  greasewood 
(40%).  In  addition  to  the  Cole  Browse  Survey  Method  to  assess  browse  useage, 
20  sagebrush  plants  were  enclosed  with  chicken  wire  and  in  March  1983,  caged 
and  noncaged  leader  length  will  be  measured  to  obtain  better  estimates  of 
actual  biomass  taken  by  browsing  animals. 

3.2.6  Lichen  Monitoring 

During  the  1982  field  season,  21  permanent  stands  were  located  along  the 
three  transects  radiating  from  the  proposed  plant  site.  At  each  stand  a 
permanent  photo  plot  was  established  and  pertinent  ecological  data  taken  on 
the  lichen  community.  The  saxicolous  lichen,  Lecanora  peltata  was  selected 
for  elemental  analysis. 

Parameters  found  to  be  good  indicators  of  current  conditions  and  valuable 
for  monitoring  future  impacts  include  total  cryptogamic  cover,  number  of 
species/quadrat  and  sulfur  content  of  lichen  tissue.  The  variability  of  the 
other  parameters  measured  negated  their  use  in  a  monitoring  program  such  as 
the  one  designed  for  the  White  River  Shale  Project. 

3.2.7  Plant  Condition  and  Stress 

Aerial  Color  Infrared  (CIR)  photographs  were  taken  along  three  transects 
traversing  the  proposed  plant  site  to  determine  the  optimum  scale  for 
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detecting  plant  stress.     Photographs  were  taken  at  two  scales  1:6000  and 
1:2400.     The  CIR  photography   at  1:2400  appears  to  be  the  most   appropriate  for 
monitoring  vegetation  stress  on  and  near  to  the  tracts.     If  a  more  dense 
vegetation  was  present,  the  photographs  taken  at  1:6000  would  be   advantageous 
in  showing  overall   vegetation  stress.     However,  due  to  the  sparse  vegetation, 
stress  on  individual   plants  must  be  detectable,  which  is  more   accurately 
accomplished  with  CIR  photography  at  a  scale  of  1:2400. 

During  ground  reconnaissance,  stressed  vegetation  was  marked  on  the 
photographs  and,  where  possible,  the  casual    agent  noted.     The  stressed  plants 
can  be  categorized  at  this  point   into  two  major  groups;  those  resulting  from  a 
phenol ogical   stage  and  those  showing  casual    agent,  such  as  disease  or  mechani- 
cal  disturbance. 

3.2.8     Soil   Microbiology  and  Soil   Chemistry 

Samples  were  taken   along  transects  at  eight  sites  within  the  four  vegeta- 
tion types  recognized  on  the  tracts.     The  sites  were  sampled  five  times 
(February,  April,  June,  August,   October)   in  1982  to  assess  yearly  fluctua- 
tions.    Soil  moisture  content  fluctuated  from  a  high  in  February  of  23.5%  to  a 
June  low  of  2.2%.     Moisture  levels  were  1-2%  higher  in  subsurface  soils  during 
summer  months  while  the  moisture  levels  of  the  surface  soils  are  5-10%  higher 
during  the  winter.     This  yearly  fluctuation  and  soil    sample  patterns  were 
similar  to  results  in  1981  although  1982  levels  were  3-4%  higher  overall. 
Soil    pH,  organic  carbon,   and  EC  levels  did  not  change  significantly  through 
the  year.     They  all   showed  little  differences  between  sites.     EC  levels  did 
show  a  general   30%  decrease  for  all   sites  from  the  1981  analysis  which  is 
probably  due  to  the  increased  precipitation  during  1982,  while  pH  and  organic 
carbon  readings  for  1982  were  very  similar  to  1981  data. 
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Soil  bacteria  fluctuated  in  an  annual  cycle  characterized  by  a  sharp 
winter  high  (8.90  x  10^  CFU/g)  and  a  summer  low  (2.5  x  10^  CFU/g).  Bacterial 
counts  were  50%  lower  in  subsurface  soils  (5-15  cms)  than  surface  soils  (0-5 
cm).  Fungal  populations  showed  a  general  decline  through  1982  continuing  the 
declining  patterns  established  in  1981.  These  results  are  unexpected  and 
alternative  sampling  schemes  have  been  initiated  to  validate  the  sampling 
technique. 

Respiration  rates  showed  an  annual  cycle  that  corresponds  to  the  bacteria 
counts  with  February  high  (11.5  meq  CO2  x  lO'^/g  •  hr)  and  a  June  low 
(1.9  meq  CO2  x  lO'^/g  •  hr).  Surface  and  subsurface  samples  were  not 
significantly  different.  Dehydrogenase  activity  exhibited  an  opposite  annual 
cycle  to  respiration.  Dehydrogenase  activity  was  highest  in  June  (19  mg 
Forazan/L.)  and  lowest  in  February  (8  mg  Forazan/L.)  during  1982.  This  cycle 
was  quite  different  than  that  reported  in  1981. 

Correlations  between  chemical  and  microbiologic  factors  identified  three 
major  relationships: 

(1)  High  bacterial  counts  and  microbial  respiration  levels 
were  associated  with  relatively  moist  soils. 

(2)  Bacterial  numbers  and  activities  tend  to  be  positively  corre- 
lated with  organic-matter  and  negatively  correlated  with  pH. 

(3)  Fungal  counts  were,  in  general,  not  correlated  with  any  soil 
chemical  characteristics. 

The  correlation  coefficients  are  generally  low  (.2  -  .5)  for  most  analyses, 
but  the  relationships  do  represent  logical  patterns  and  will  serve  as  valuable 
baseline  information. 
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3.3  PROGRAM  DESCRIPTION 

3.3.1  Objectives 

The  three  main  objectives  of  the  vegetation  program  are: 

0  To  document  the  existing  vegetation  conditions  during  and  after 

various  stages  of  development,  including  the  range  of  variation 

exhibited  temporally  and  geographically. 
0  To  quantify  plant  responses  to  environmental  impacts  created  by 

development,  thereby  allowing  comparisons  of  plant  responses  in  areas 

of  little  or  no  impact  with  those  in  areas  of  relatively  high  impact. 
0  To  measure  the  success  of  revegetation  techniques  on  the  processed 

shale  disposal  area  and  other  areas  that  may  be  disturbed  during 

operations. 
In  1982,  the  first  revegetation  activities  occurred.  The  disturbance  was 
associated  with  construction  of  the  new  road  to  the  plant  site.  Monitoring 
will  be  initiated  beginning  in  1983  for  plant  establishment  and  revegetation 
success.  The  area  of  greatest  impact  to  the  vegetation  in  terms  of  area 
disturbed,  however,  will  be  the  processed  shale  pile.  Revegetation  techniques 
for  processed  shale  are  still  being  investigated  and  are  discussed  in  Chapter 
7.  Many  of  the  parameters  discussed  below  will  be  used  in  monitoring  the 
processed  shale  area,  however,  it  is  anticipated  that  other  parameters  may  be 
identified  from  the  special  revegetation  studies  that  could  be  added  to  the 
vegetation  monitoring  program  at  a  later  date. 

3.3.2  Site  Locations 

The  vegetation  resources  program  continued  to  use  the  areas  of  sampling 
established   in  the  1974-76  baseline  work   and  those   areas   initiated  during  1981 
by  the  addition  of  several   new  studies.     The  locations  of  all   the  study  sites 
are  shown  in  Figure  3.3-1.     The   actual   overflights  for  detecting  plant 
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conditions  and  stress  were  extended  so  that  the  proposed  processing  plant 
represents  the  center  of  each  transect  and  so  the  transects  will  better  corre- 
spond to  predicted  effluent  patterns.  Details  for  the  selection  of  the  sites 
are  discussed  fully  in  the  WRSOC  Environmental  Monitoring  Manual  (1982). 

3.3.3  Methods 

The  methods  used  during  the  1982  program  are  essentially  the  same  as 
those  utilized  during  the  previous  years  of  study.  The  WRSOC  Environmental 
Monitoring  Manual  (EMM)  contains  a  detailed  description  of  the  methods  employ- 
ed and  the  schedule  for  sampling.  Deviations  from  the  EMM  occur  primarily 
when  sample  sizes  are  adjusted  to  provide  for  more  statistically  valid  data  or 
when  field  conditions  necessitate  a  change.  Any  such  changes  are  described  in 
the  appropriate  section  of  this  report. 

3.3.4  QA/QC  Program 

The  Quality  Assurance  and  Quality  Control  program  described  in  the  EMM 
was  initiated  during  the  1982  program.  The  field  and  laboratory  data  collec- 
tion has  been  verified  and  throughly  documented.  All  pertinent  data,  both  raw 
and  summarized,  have  been  placed  onto  computer  tapes  under  the  direction  of 
WRSOC  and  according  to  the  format  specified.  Duplicate  tapes  were  made  for 
the  Oil  Shale  Office  and  for  WRSX  files.  Original  data  sheets  are  being  kept 
in  Native  Plants,  Inc.  files. 

Aerial  photographic  products  were  carefully  monitored.  Each  frame  has 
the  altitude,  time  and  date  printed  directly  on  them.  Soils  and  chemical 
analysis  have  been  done  utilizing  adequate  replications  to  insure  quality. 
Some  errors  have  been  identified  during  the  course  of  this  program  and  correc- 
tive actions  have  followed. 
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3.4  PROGRAM  RESULTS  AND  ANALYSIS 

Eight  separate  components  are  included  in  the  vegetation  monitoring  pro- 
gram. Three  of  these  are  identified  as  operational  parameters.  Production  of 
Annual  Plant  Biomass,  Sagebrush  Stem  Growth  and  Soil  Chemistry,  and  will  prob- 
ably be  continuously  monitored.  Four  components  are  listed  as  potential  para- 
meters including.  Lichen  Growth,  Litterfall,  Plant  Conditions  and  Stress  and 
Soil  Microbiology.  One  final  component  is  listed  as  a  contingency  parameter 
and  that  is  Plant  Chemical  Composition.  Along  with  this  there  are  portions 
of  the  Soil  Chemistry  and  Soil  Microbiology  parameters  that  will  be  included 
as  contingency  parameters.  The  results  of  each  of  these  components  are  reported 
in  the  following  sections. 

3.4.1  Production  of  Annual  Plant  Biomass 

In  June,  1982,  five  productivity  study  areas  were  visited  in  each  of  the 
four  major  vegetation  types  identified  during  the  baseline  program  (Refer  to 
Figure  3.3-1  for  the  locations).  In  each  study  area,  plant  cover  was  recorded 
and  aboveground  annual  plant  biomass  was  harvested  from  twenty  0.25  m^  plots. 
Plants  were  measured  for  height,  clipped  at  ground  level,  and  returned  to  the 
lab  for  weighing.  Weights  were  recorded  for  each  study  site  as  well  as  cover 
percentages  and  these  are  shown  in  Tables  3.4-1-4. 

Previous  analysis  have  shown  that  annual  species  biomass  is  related  to 
spring  precipitation.  Precipitation  records  for  the  water  year  1981-82  show 
that  the  winter  and  spring  months  were  generally  above  normal  (Table  3.4-5). 
March  had  good  precipitation  (3.56  cm)  and  there  was  abundant  soil  moisture  to 
initiate  annual  seed  germination.  April,  however,  had  very  little  precipitation 
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Table  3.4-1. 


Biomass  Production  of  Annual  Vegetation.  Vegetation  Type: 
Shadscale  (ATCO). 


Blomass  SI 

tes 

Blomass  S 

ites 

Wei 

ght  (gm) 

Cover  %  (. 

25  m^) 

Sample  No. 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

1.9 

18.2 

9.3 

9.6 

1.6 

3 

15 

7 

6 

2 

2 

3.5 

2.4 

3.1 

13.5 

4.2 

2 

3 

3 

12 

4 

3 

2.6 

3.8 

18.7 

8.2 

15.6 

2 

1 

14 

6 

20 

4 

1.0 

9.9 

26.0 

2.3 

6.0 

1 

7 

50 

3 

10 

5 

3.8 

9.9 

11.9 

2.1 

9.2 

2 

5 

9 

4 

7 

6 

2.7 

9.4 

1.1 

0.7 

2.6 

1 

12 

1 

1 

2 

7 

2.1 

16.1 

0.7 

3.5 

5.9 

3 

15 

1 

3 

10 

8 

0.7 

25.3 

28.6 

2.0 

7.6 

1 

10 

45 

2 

4 

9 

2.1 

0.5 

0.7 

8.0 

10.1 

1 

1 

1 

15 

7 

10 

8.4 

7.9 

0.3 

1.1 

5 

4 

0.5 

1 

1 

11 

2.2 

11.2 

13.1 

0.4 

0.9 

2 

15 

16 

1 

1 

12 

1.5 

0.2 

0.8 

8.8 

2.1 

3 

0.5 

1 

17 

2 

13 

1.6 

1.1 

19.3 

4.9 

5.1 

1 

1 

16 

5 

5 

14 

4.0 

6.2 

0.9 

9-8 

6.3 

2 

8 

1 

12 

4 

15 

1.5 

2.8 

0.4 

0.4 

1.0 

1 

2 

1 

1 

1 

16 

2.1 

6.3 

0.1 

6.4 

2 

5 

0.2 

1 

7 

17 

2.0 

4.4 

36.0 

18.1 

0.2 

1 

3 

60 

30 

1 

18 

3.3 

0.7 

0.3 

17.5 

8.9 

3 

1 

1 

15 

7 

19 

4.9 

3.4 

0.1 

7.8 

4 

2 

0.5 

0.6 

7 

20 

7.7 

9.5 

9.2 

3.2 

11.6 

4 

5 

5 

4 

7 

X 

3.0 

7.5 

9.0 

5.7 

5.7 

2.2 

5.8 

11.7 

7.0 

5.5 

s.d. 

2.0 

6.6 

11.2 

5.7 

4.1 

1.2 

5.1 

13.2 

7.6 

4.5 

Blank  spaces  indicate:  weight  less  than  0.1  gm 

cover  less  than  0.1%. 
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Table  3.4-2. 


Biomass  Production  of  Annual  Vegetation.  Vegetation 
Type:  Juniper  (JUOS). 


Sample  Mo, 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 


Biomass  Sites 
Weight  (gm) 
2     3     4 


2.7 


0.4 
1.5 

0.6 

1.2 

Biomass  Sites 
Cover  %   (.25  m^) 
2     3     4     5 


0.1 
0.1 

1.0 

0.1 
0.1 


0.1 


0.5 
0.3 
1 
3 

0.1 


0.5 


0.5 
0.5 

0.5 

0.5 
0.5 


0.5 


12 

0.9 

13 

0.1 

0.1 

0.5 

14 

0.5 

0.1 

15 

0.1 

0.1 

16 

0.1 

0.5 

0.1 

17 

0.5 

0.3 

0.5 

18 

19 

0.1 

0.5 

20 

3.2 

2 

0.9 

X 

0.1 

0.2 

0.1 

0.1 

0.0 

0.1 

0.1 

0.4 

0.2 

0.1 

s.d. 

0.6 

0.7 

0.3 

0.3 

0.0 

0.3 

0.5 

0.7 

0.3 

0.1 

31ank  spaces  indicate;  weight  less  than  0.1  gm 

cover  less  than  O.l*?. 
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Table  3.4-3. 


Biomass  Production  of  Annual  Vegetation. 
Greasewood  (SAVE). 


Vegetation  Type: 


Biomass  S 

ites 

B 

lomass 

Sites 

We 

Ight  (( 

gm) 

Cover  %  ( 

.25  m^) 

Sample  No. 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2.3 

9.7 

5.1 

0.9 

3 

8 

2 

0.1 

2 

0.5 

4.0 

4.0 

6.3 

1 

0.5 

3 

3 

4 

3 

14.5 

1.5 

18.5 

3.0 

1.0 

30 

2 

20 

3 

2 

4 

6.3 

2.1 

17.5 

5.5 

20 

2 

23 

0.1 

3 

5 

1.4 

5.9 

12.5 

2.5 

1 

3 

15 

0.5 

2 

6 

5.0 

1.7 

22.7 

1.4 

5 

1 

30 

1 

7 

3.5 

9.2 

3.9 

3 

0.5 

10 

3 

8 

4.1 

0.5 

5.5 

3.4 

5.7 

6 

1 

3 

2 

4 

9 

3.1 

24.5 

5.5 

0.4 

0.1 

2 

20 

10 

1 

10 

31.8 

0.5 

3.2 

2.4 

0.9 

55 

1 

4 

1 

1 

n 

8.0 

0.7 

4.9 

3.7 

0.4 

2 

0.9 

2 

2 

1 

12 

6.1 

13.2 

7.8 

12.2 

3 

8 

5 

5 

13 

17.1 

19.9 

0.5 

2.9 

7 

0.5 

7 

1 

2 

14 

5.4 

18.7 

0.9 

0.4 

5 

0.9 

7 

1 

1 

15 

4.3 

1.6 

0.6 

0.5 

4 

1 

0.1 

0.5 

1 

15 

4.9 

15.6 

3.6 

3 

17 

3 

17 

0.8 

15.0 

0.6 

1 

7 

1 

18 

2.4 

0.9 

3 

0.1 

0.1 

0.5 

19 

37.0 

1.8 

8.2 

4.6 

1.3 

55 

2 

5 

3 

1 

20 

35.6 

0.5 

3.6 

2.6 

1.9 

45 

0.9 

3 

3 

2 

X 

9.0 

1.5 

11.3 

2.3 

2.6 

12.2 

1.5 

9.7 

1.9 

2.0 

s.d. 

12.2 

1.8 

7.5 

2.4 

3.0 

18.6 

1.0 

8.4 

2.4 

1.5 

Blank  spaces  indicate; 


weight  less  than  0.1  gm 
cover  less  than  0.1^,. 
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Table  3.4-4. 


Biomass  Production  of  Annual  Vegetation. 
Riparian. 


Vegetation  Type: 


Biomass  Sites 

Biomass  Sites 

Weight  (gm 

) 

Cover  %   (. 

25  m^) 

Sample  No. 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

9.2 

93.4 

94.1 

3.7 

12.3 

6 

55 

85 

4 

25 

2 

1.8 

54.5 

29.3 

2 

70 

20 

0.1 

0.5 

3 

10.0 

40.0 

15.4 

0.5 

5.2 

6 

60 

15 

1 

6 

4 

0.8 

30.9 

32.5 

12.4 

3.5 

1 

55 

27 

8 

3 

5 

1.8 

17.3 

12.3 

5.7 

8.7 

3 

15 

10 

4 

6 

6 

9.8 

52.1 

17.9 

1.7 

1.9 

5 

55 

16 

1 

2 

7 

13.7 

19.0 

33.3 

1.0 

3.7 

5 

15 

55 

1 

4 

8 

11.5 

28.6 

45.2 

1.0 

8.0 

7 

35 

40 

1 

6 

9 

25.7 

19.2 

35.4 

6.9 

15 

7 

55 

0.1 

4 

10 

14.8 

2.8 

44.9 

0.5 

4.9 

6 

2 

35 

1 

3 

11 

24.6 

5.1 

38.0 

10.3 

25 

4 

45 

0.1 

6 

12 

16.8 

19.8 

26.7 

7.2 

7.5 

10 

10 

25 

4 

6 

13 

20.6 

37.7 

19.5 

5.8 

25 

55 

30 

3 

14 

5.7 

0.7 

5 

0.5 

1 

15 

16.9 

0.9 

28.5 

6.6 

5.1 

30 

1 

60 

3 

6 

16 

33.1 

18.3 

28.9 

5.7 

0.2 

45 

8 

55 

4 

0.6 

17 

14.4 

33.5 

64.7 

5.0 

4.0 

17 

35 

65 

3 

4 

18 

20.6 

31.8 

52.6 

10.1 

30 

30 

55 

8 

19 

11.7 

20.6 

38.8 

4.0 

30 

23 

55 

3 

20 

8.6 

46.3 

25.8 

22.5 

2.3 

5 

42 

60 

15 

2 

X 

13.6 

28.6 

34.2 

4.0 

4.7 

13.9 

28.9 

40.5 

2.7 

^.3 

s.d. 

8.4 

22.2 

20.2 

5.5 

3.9 

12.6 

23.2 

21.9 

3.6 

5.3 

Blank  spaces  indicate 
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(.23  cm)  and  this  caused  the  biomass  yields  to  be  lower  than  in  1975, 
1978  or  1979.  April  is  a  critical  period  in  the  plant's  growth  and  the  poor 
rainfall  caused  a  reduction  in  both  plant  height  and  biomass.  The  relation- 
ship between  spring  precipitation  (April -June)  that  has  been  reported  prev- 
iously is  weakened  by  the  1982  data.  That  regression  relies  primarily  on  the 
1975  data  point  to  provide  strength  to  the  relationship.  A  more  accurate  repre- 
sentation appears  to  be  utilizing  precipitation  data  from  October  through  May 
and  correlating  this  to  annual  biomass,  since  precipitation  during  this  period 
serves  as  both  the  source  for  soil  moisture  recharge  and  available  moisture 
during  the  germination  and  growth  phases.  Annual  species  biomass  is  harvested 
in  the  1st  week  of  June,  so  June  precipitation  data  has  no  bearing  on  produc- 
tion and  should  be  excluded  from  the  analyses.  A  regression  based  on  1976-82 
data  for  annual  plant  biomass  and  October-May  precipitation  shows  a  positive 
relationship  which  is  statistically  significant  at  a=.05  (Figure  3.4-1). 

Comparisons  of  1982  annual  biomass  data  with  the  preceeding  years  are 
shown  in  Table  3.4-6.  Biomass  averages  of  all  four  vegetation  types  show 
that  1982  ranked  fourth  highest  of  the  eight  years  of  record  in  maximum  bio- 
mass and  was  about  50%  greater  than  biomass  production  in  1981.  The  upswing 
in  rodent  and  rabbit  populations  took  advantage  of  this  additional  and  impor- 
tant source  of  herbage  and  seeds. 

The  riparian  vegetation  type  again  had  the  largest  values  for  production 
and  cover  of  the  four  vegetation  types  considered  averaging  68.1  gm/m  and 

18.2%  respectively.  The  Juniper  type  had  the  lowest  figures  averaging  0.4 

2 

gm/m  for  production  and  0.2%  for  cover.  Production  values  for  individual 
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Figure  3.4-1. 


Regression  Analysis  of  Precipitation  and  Annual  Species 
Biomass.     The  regression  is  significant  at  a=.05. 
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vegetation  types  are  discussed  below. 

3.4.1.1  Shadscale  Vegetation  Type  Annual  species  biomass  was  the  second 
highest  (x  =  24.7  gm/m^)  of  the  eight  years  of  record  for  this  vegetation 
type  in  1982.  Cheat grass  was  again  the  dominant  annual  species  on  this  vege- 
tation type  and  it  occurred  most  frequently  in  protected  areas  underneath 
shrubs.  Cover  estimates  averaged  6.4%  with  a  range  from  2%  to  11.7%. 

3.4.1.2  Sagebrush  -  Greasewood  Vegetation  Type  Annual  species  produc- 

2 
tion  in  the  sagebrush  -  greasewood  areas  averaged  21.4  gm/m  .  This  total  is 

the  third  highest  biomass  yields  to  date,  yet  it  is  still  low  in  comparison 
to  1975  or  1978  production  values.  The  general  pattern  of  plant  distribution 
was  similar  to  the  shadscale  type  with  most  of  the  production  occurring  under- 
neath the  shrubs  and  open  areas  between  shrubs  being  essentially  bare  of 
annual  plants.  Besides  cheatgrass,  an  annual  Cryptantha  sp.  and  pepperweed 
(Lepidium  perfoliatum)  were  occasionally  found  within  this  vegetation  type. 
Cover  values  for  the  annual  species  were  similar  to  1981  values  with  an  aver- 
age cover  value  of  5.5%  and  a  range  of  1.5%  to  12.2% 

3.4.1.3  Juniper  Vegetation  Type  The  production  of  annual  species  in 

this  vegetation  type  was  very  low  as  is  typical  with  the  juniper  zone.  Aver- 

2  2 

age  production  was  only  0.4  gm/m  compared  with  0.5  gm/m  in  1931.  The  domi- 
nant annual  speices  in  this  type  was  cheatgrass  with  some  lambs'  quarters 
(Chenopdium  album)  and  pepperweed.  The  total  cover  in  the  juniper  sites 
samples  averaged  0.2%  cover  which  is  identical  to  1981  data. 

3.4.1.4  Riparian  Vegetation  Type  As  in  all  previous  years,  the  ripar- 
ian vegetation  type  produced  the  most  annual  plant  biomass.  Again,  the  domi- 
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nant  annual  species  was  cheatgrass,  with  a  fair  abundance  of  yellow  sweet- 
clover  (Mel i lotus  officinalis),  pepperweed,  and  fat  hen  saltbush  (Atriplex 
patula).  The  grazing  pressure  on  the  riparian  areas  is  more  severe  than  on 
the  other  vegetation  types  and  much  of  this  disturbance  leads  to  an  increase 
in  the  preponderance  of  annuals.  These  annuals  may  in  turn  serve  as  a  source 

of  food  for  animals  during  a  short  period  in  the  spring.  The  production  of 

2 

annuals  for  1982  averaged  68.1  gm/m  .  Average  cover  values  for  the  ripar- 
ian vegetation  sites  ranged  from  3%  to  41%  with  an  average  cover  of  18%. 

3.4.2  Sagebrush  Leader  Growth 

There  was  no  change  in  methodology  used  for  sampling  sagebrush  stem 
growth  measurements  during  1982.  The  annual  growth  of  20  stems  on  each  of 
20  separate  plants  in  each  of  seven  sampling  locations  (2800  samples  total) 
was  measured.  Locations  of  the  sampling  sites  are  shown  in  Figure  3.3-1. 
Each  measurement  was  from  the  bud-scale  scar  of  the  previous  year  to  the  tip 
of  the  new  growth.  This  marks  the  eighth  year  that  this  data  has  been  collected 
on  SLG-1-6  and  the  second  year  of  data  for  SLG-7.  Results  of  each  site  for 
1982  are  shown  in  Tables  3.4-7-13. 

Growing  conditions  for  sagebrush  in  1982  should  have  been  very  good  for 
stem  growth,  but  this  is  not  generally  reflected  in  the  stem  lengths.  The 
variability  of  stem  length  is  apparently  highly  correlated  with  fall -winter 
precipitation  (Figure  3.4-2).  The  precipitation  for  the  fall -winter  period 
for  1982  averaged  15.2  cm  which  was  the  second  highest  average  recorded.  Stem 
length  was  considerably  below  the  value  that  would  be  predicted  strictly  by 
the  regression  equation  but  it  was  still  within  the  95%  prediction  interval 
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Figure  3.4-2.     Regression  of  sagebrush  stem  growth  and  fall   and  winter  pre- 
cipitation (ARA-13).     The  dashed  lines  represent  the  95% 
prediction  level . 
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(see  Figure  3.4-2). 

Average  stem  length  ranged  from  3.0  cm  at  site  5  on  the  east  edge  of 
Tract  Ub  to  5.9  cm  at  site  3  which  is  on  the  west  side  of  Tract  Ua  (Table 
3.4-14).  The  standard  deviations  for  all  seven  sites  are  quite  uniform  which 
illustrates  that  the  variability  of  stem  growth  is  low. 

Over  the  eight  years  of  study,  sagebrush  stem  growth  ranged  from 
2.7  cm  in  1977  to  a  high  of  8.4  cm  in  1979  (Table  3.4-14).  The  data  for  1982 
on  sagebrush  leader  growth  (4.8  cm)  was  the  third  lowest  value  recorded  dur- 
ing this  time  period.  An  analysis  of  variance  (ANOVA)  was  performed  on  the 
data  (Sites  1-6)  for  the  eight  years  of  record.  The  results,  shown  in  Table 
3.4-15,  point  out  that  there  was  significant  difference  between  years.  The 
results  of  the  LSD  mean  separation  test  are  shown  in  Table  3.4-7.  An  ANOVA 
test  comparing  sites  also  showed  significant  differences.  Site  3  had  signif- 
icantly longer  stem  lengths  than  any  of  the  other  sites.  The  results  of  the 
LSD  test  are  also  shown  in  Tables  3.4-14  and  3.4-15.  Sagebrush  leader  growth 
appears  to  provide  a  realistic  index  of  the  year-to-year  variability  that 
occurs  within  the  oil  shale  tracts  and  provides  a  good  monitoring  device  to 
estimate  plant  variability  within  the  ecosystem.  However,  as  evidenced  by 
the  1982  data,  the  relationship  does  not  take  into  account  all  the  variabil-r 
ity  in  the  system.  Thus,  the  95%  predictive  level  will  be  used  to  identify 
outlier  values  that  may  occur  in  future  years. 

In  addition  to  the  leader  growth  measurements  for  sagebrush,  measure- 
ments for  three  other  species,  fourwing  saltbush  (Atriplex  canescens),  rabbit- 
brush  (Chrysothamnus  greenii),  and  greasewood  (Sarcobatus  vermiculatus)  were 
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Table  3.4-14.  A  comparison  on  sagebrush  stem  growth  over  an  eight  year  period, 
1975  to  1982  on  sites  related  to  prototye  oil  shale  tracts  Ua 
and  Ub.  Each  value  is  generally  the  mean  length  of  20  stems 
on  20  plants  (i.e.,  400  observations/site/year).  Values  are 
expressed  in  centimeters.  Averages  followed  by  a  common  letter 
are  not  significantly  different  as  analyzed  by  ANOVA  with  = 
.05  and  LSD  mean  separation  tests. 

Site  1   Site  2   Site  3   Site  4   Site  5   Site  6   Site  7  Average 


1975 
Mean 
SD 

7.4 
2.14 

6.9 
1.12 

9.7 
1.36 

5.6 
1.03 

7.1 
1.31 

5.4 
1.5 

7.0cd 

1976 
Mean 
SD 

6.2 
1.04 

6.16 
1.63 

7.0 
0.88 

5.5 
1.06 

5.4 
1.17 

4.8 
1.08 

5.9bc 

1977 
Mean 
SD 

2.1 
0.35 

2.0 
0.25 

4.0 
1.02 

2.2 

0.25 

2.8 
0.59 

2.8 
0.56 

2.7^ 

1978 

Mean 
SD 

8.4 
1.76 

8.1 
2.88 

10.1 
2.16 

6.4 
1.10 

5.6 
1.59 

6.5 
2.52 

7.5^^ 

1979 
Mean 
SD 

7.6 
2.0 

9.9 
2.2 

9.9 
2.5 

8.2 
2.1 

7.3 
1.8 

7.7 
1.9 

8.4^ 

1980 
Mean 
SD 

4.6 
1.4 

6.4 
1.9 

7.5 
1.7 

4.8 
1.3 

3.9 
1.1 

3.6 
1.0 

5.1^ 

1981 
Mean 
SD 

2.8 
0.8 

3.3 

0.7 

3.1 
0.6 

2.8 
0.5 

2.2 

0.5 

2.8 

0.5 

3, 

0, 

.9 
.8 

3.0^ 

1982 
Mean 
SD 

4.5 
1.2 

5.2 

1.4 

5.9 
1.1 

4.8 
1.1 

3.0 
0.6 

4.8 
1.5 

5, 
1, 

.5 
.2 

4.8^ 

AVERAGE  5.5^^   6.0^     7.2^     5.0^     4.7^     4.8^ 
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Table  3.4-15  Two-Way  Analysis  of  Variance  test  of  sagebrush  stem  growth  for 
1975  through  1982 


ss 

df 

M.S. 

F-ratio 

Years 

186.6 

7 

26.7 

46.2* 

Sites 

35.0 

5 

7.0 

12.2* 

Error 

20.2 

35 

.6 

Total 

241.8 

47 

^significant  at  a  =.01 
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sampled  in  1982.  These  species  were  sampled  from  site  7  only.  One  hundred 
samples  were  taken  for  each  species.  These  results  are  shown  in  Table  4.3- 
16.  Average  leader  growth  was  17.3  cm  t   9.9,  for  fourwing  saltbush,  14.7  cm 
t   6.6  for  rabbitbrush,  and  7.3  -  3.3  for  greasewood.  Rabbitbrush  and  four- 
wing  saltbush  averages  are  3-4  times  higher  than  the  averages  for  sagebrush 
while  the  greasewood  had  roughly  two  times  more  growth  than  sagebrush.  Com- 
parisons of  the  1981  data  show  that  1982  averages  were  all  higher.  Saltbush 
increased  by  124%,  sagebrush  by  141%  and  greasewood  by  236%.  Thus,  sagebrush 
which  increased  by  141%  from  1981  to  1982  at  site  7  appears,  at  least  initially, 
to  represent  accurately  the  fluctuations  of  other  shrubs  to  environmental 
change.  These  species  will  be  monitored  again  in  1983  to  further  document 
their  yearly  responses  to  changes.  This  will  continue  to  provide  informa- 
tion as  to  the  suitability  of  sagebrush  as  a  measure  of  general  plant  resources 
on  oil  shale  tracts  Ua  and  Ub. 

3.4.3  Plant  Chemical  Composition 

Sagebrush  leaders  from  the  seven  sagebrush  leader  growth  sites  were 
analyzed  for  elemental  content  of  several  potentially  harmful  compounds.  The 
parameters  were  analyzed  to  establish  baseline  measures  for  future  comparisons 
to  assess  effects  of  processing  operations.  Nine  parameters  (Mo,  As,  Na,  Ca, 
Mg,  SO-,  Hg,  Cd,  and  B)  were  analyzed  from  the  sagebrush  tissue.  The  para- 
meters were  selected  because  they  may  be  present  in  quantities  greater  than 
normally  encountered  as  a  result  of  industrial  development  associated  with 
oil  shale  (Stollenwerk  and  Runnells,  1981)  and  may  accumulate  to  levels 
deleterious  to  plants  or  their  consumers  (Kilkelly  and  Lindsay,  1979;  OTA 


3-32 


lA 

-o 

£ 

U 

o 

</> 

>a 

3 

01 

X 

^ 

>. 

u 

4-» 

</) 

^ 

i/t 

la 

(O 

•^" 

0) 

I/I 

f 

u 

*^ 

CT 

a 

c 

c 

■o 

C 

i 

L. 

3 

a> 

» 

O 

ca. 

f 

(^ 

~^ 

irt 

c 

3  CNJ 

3 

L. 

33 

— > 

^ 

tJ> 

■■-> 

■o 

•  (— 

Ol 

^ 

•o 

u 

^ 

C 

lo 

•3 

'O 

^■* 

^ 

Ol 

^ 

<U 

* 

en 

i. 

,C 

o> 

>/» 

^ 

f 

3 

irt 

^ 

c 

3 

.^J 

a; 

S. 

^ 

a; 

XI 

rz 

X 

4-> 

to 

.«-> 

■^> 

01 

^ 

O)^ 

J3 

c 

■B 

^ 

U 

5 

3 

^^ 

o 

^ 

4^ 

w. 

-O 

5 

Q 

v^ 

— 

^ 

O 

c= 

^ 

01 

u 

— 

■3 

• — ■ 

o 

OJ 

l/l 

» 

m^ 

■4-» 

rsj 

^ 

^ 

■o 

a; 

a^ 

o 

o 

01 

z 

',» 

u 

3 

01 

Ul 

i/l 

^ 

T 

•3 

s 

o 

V 

4-t 

i. 

CI 

£ 

-3 

•-I 

* 

2 

s 

r^ 

•^ 

o 

CI 

^  — fc 

i3 

4^ 

tn    m 

— 

3    4; 

u 

;/i 

—   I/) 

OJ 

X3    >t 

-3 

— 

a  — 

"3 

o 

—  n 

s; 

L. 

■B   = 

_i 

V*- 

i>l    fO 

o 
o 

2 
OJ 


1/1  < 

3 


l/1|* 


3   *J 


3 


>> 

I.     F 


kr>c\iir>r^csi\ov/)0'— csjoaoor^arvovor^ro^' 

aovoo«csjtr>aomooaor^ro«-oao«oicaov09teo 

CNjioaiiAOOCMpotrtroaovtnvOvocNjmooror^ao 

lr>lr>volr>coo«'«■^J■^ra•— ir)o%vo«c\i>— CNjo 

—  r^nir>cMosnr^oiOVOmiOcvj«-^-ineMao 

vOvOvOCOr^Ln^ovOOvOi/^Cir^vOvoU^fO^OO^^ 

m 

ir>LnaocNjr^mr».LOocMtncsjCMO<— r^OOr^«' 

d 

1/1 

^OO^*^^^t0C0vOl/^0^^t^^/>OCT^L0Ln^o^^^C0 

eooof^cMcsjom  —  f^vors-incvjovom^oiDP^ 

CO 
1  X 

CTiooo^'^vOf^^ONf*^0<^^*oo^^^votinr>a^ 

COCTi^-f— ^00r^^^»— vOrotSiP^vOOr^^"^*^** 

^000^•— OC^J^•^•OCOO^VO«•C^J>— tsJCOOi —  CO 

. —  .—  1 —  . —  ,—  _  —  ,—  ,-^-  —  _CNJCVjMf—  .—  CNJ.— 

CM  CM  ^  .—                        tM  .—  1—  —  .—          _  CM  ^- 

d 

Lneo^e^ooo^CM(^Ja^»»•Of^Oun^^cMtn^otntf) 
.—  ncMf»i>—  —  m. —  —  CM"— CMfn  —  ,—  CM        .—  >—.— 

E 
u 

r-> 

mronncMTmr-i. —  —  , —  CMCMncM<— cmi^cmpo 

IX 

ro. —  t>».cncMOtr)OvOun              r^             csimfMr^LO 

^^■r^^eM^ooeo^poo^->— votf)von«rrno 

O^UICMf^n—  vOOCMOCMOCOCMO«'<nLf)00 

cMm^-fniomuneovaoii —  p^^-^ocMCMCMOf— f^ 
VO  .— .—  t— —  CM  .— .— —        _,—  ,-,—  ,—  ,—  _  ^  ^ — 

oovOCM"— IT).—  O'^CMir)mLf)«ro'^tM0>«^r>«r^ 

—  .—  .—  CM  »—  f—  .— —  —  .—          —  .—          ,—  r—          — 

mocMvococMCMCtncMouicMO"— ouiun>— o 

a 

C^)00^0'—  COOCCMOOOCMO— OiCTiOlO^C 

r>« 

a0OLf)cvjkO0ir«.O'^0ir^Oi^oocM*ocMtno 

IX 

noivoTCO.—  LTicsj.—  t— uotnron^T^-O'^CTioo 

CM 

ur 

rsl 

CO 

. 

31 

LO 

^— 

o:  •— 

^_ 

ac 

<:  — 

CT> 

CO 

=0 

a» 

n 

■ 

CM 

CO 

n 

CO 

. 

c 

Ol 

^». 

n 

o 

1/1 

3J 

> 

u 

•fl 

lo 

wO    — 

r'. 

3> 

a. 

CO 

•  1 

Ol 

m 

o 

F» 

o 

s 

C^ 

31 

Ol 

r>. 

ai 

o  — 

^~ 

u 

■toJ 

<  — 

c: 

m 

CO 

Ol 

«r 

■=*l 

^ 

*" 

1 

3-33 


1980). 

Values  reported  from  the  analyses  performed  in  1982  are  compared  with 
1981  data  in  Table  3.4-17.  Differences  between  years  may  be  the  results  of 
different  labs  since  two  labs  were  used.  The  1982  samples  are  being  rerun 
to  determine  if  the  variation  is  due  to  yearly  changes  or  lab  differences. 
The  values  shown  represent  composite  samples  of  12  leaders  per  site.  All 
of  the  values  obtained  thus  far  are  within  the  normal  range  of  concentra- 
tions within  plants  as  reported  by  Gough  et  al.  (1979). 

3.4.4  Litterfall  Measurements 

The  amount  of  litter  returning  to  the  soil  is  closely  related  to  pro- 
duction of  plant  biomass  for  a  given  year.  Litterfall  is  being  measured 
under  the  canopy  of  the  dominant  shrubs  and  juniper  trees  on  the  tracts. 
Measurements  of  litterfall  are  important  because  excessive  litterfall  of 
leaves  and  twigs  from  shrubs  and  juniper  may  indicate  undue  stress  of  plants 
(excess  litterfall  has  been  observed  in  areas  of  air  pollution).  Litterfall 
is  also  essential  to  the  normal  functioning  of  many  soil  parameters  and  to 
many  small  animals.  The  area  around  shrubs  where  the  litter  accumulates  is 
the  nutritional  "storehouse"  for  arid  plant  communities  (Garcia-f-loya  and 
McKell,  1970;  Bjierregard,  1971)  and  any  significant  change  in  litterfall 
would  result  in  changes  in  many  ecosystem  functions. 

Litter  traps  were  constructed  in  late  spring  and  placed  under  the  shrub 
species  during  the  June  sampling  period.  A  total  of  242  littertraps  were 
placed.  Each  species  (seven  total)  had  30-40  traps  or  replications  placed 
beneath  its  canopy  (Table  3.4-18).  The  seven  species  sampled  were  sagebrush, 
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Table  3.4.18.  General  locations  of  species  receiving  litter  fall  catchments.* 


Location 

ARTR 

ATCA 

Species 
ATCO   CHGR 

GRSP 

JUOS 

SAVE 

Subtotal 

VS-1 

4 

10 

14 

VS-4 

2 

6 

8 

VS-5 

9 

6 

15 

VG-1 

6 

5 

6 

6 

7 

30 

VG-2 

6 

6 

12 

VG-3 

6 

6 

6 

18 

VG-4 

6 

5     6 

7 

24 

V6-5 

6 

6     6 

6 

24 

VJ-1 

10 

10 

VJ-2 

10 

10 

IN-1 

10 

10 

HE-3 

6 

n 

17 

SLG-1 

5 

5 

SLG-4 

5 

8 

13 

SLG-6 

6 

6     6 

8 

6 

32 

TOTAL       36     30     39     35     35     31     36     242 

^15  sites 

*Supersedes  page  9,  January  1982-June  1982  Monitoring  and  Research  Semi 
Annual  Report  (July  1982). 
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fourwing  saltbush,  shadscale  (Atriplex  conferti folia),  Greenes  rabbitbrush 
(Chrysothamnus  greenii),  hopsage  (Grayia  spinosa),  Utah  juniper,  and  grease- 
wood.  The  litter  traps  were  rectangular  in  shape  with  dimensions  of  50  cm 
X  100  cm  or  ^  (Figure  3.4-3).  The  sides  of  the  traps  were  16  cm  in  height 
to  prevent  litter  from  blowing  out  of  the  traps.  The  bottom  of  the  traps 
consisted  of  a  fine  mesh  window  screen  which  is  small  enough  to  catch  most 
of  the  litter  fragments  but  will  allow  water  to  pass  through  and  prevent 
decomposition.  The  1981  litter  traps  did  not  have  a  fine  enough  screen  for 

the  six  shrubs  but  they  were  suitable  for  juniper.  Thus,  the  1981  traps  were 

2 
utilized  exclusively  under  juniper.  The  new  ^  traps  could  be  joined  to- 
gether to  form  a  complete  trap  around  a  shrub.  Analysis  were  performed  to 

2  2 

compare  if  '^  traps  were  proportional  to  Im  traps.  The  typical  placement 

2 
of  the  Im  litter  traps  is  shown  in  Figure  3.4-4.  A  size  index  foreach  plant 

was  also  calculated  so  adjustments  or  comparisons  could  be  made  in  litterfall 

from  small  or  large  plants.  The  size  index  is  computed  by  multiplying  the 

height  by  the  crown  diameter  (in  two  directions).  This  approximates  a  volune 

figure  which  can  then  be  used  to  compare  between  differing  sized  individuals 

as  well  as  between  different  sized  species. 

The  litter  traps  were  revisited  in  October  and  the  litter  for  that  period 

(June-October)  was  removed,  placed  in  bags  and  the  traps  replaced.  The  litter 

samples  were  taken  to  the  lab,  oven  dried  for  14  days  at  25°C.  The  litter 

was  separated  into  components,  leaf,  stem,  seed,  inflorescence  of  mixtures  of 

each  and  then  weighed.  The  results  for  the  weights  for  each  species  and  size 

indices  are  shown  in  Table  3.4-19-25.  A  summary  table  (Table  3.4-26)  shows 
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2 

Figure  3.4  -3.     Typical   placement  of  a  ^    trap  under  shadscale 


»,  .>•  -«-, 


2  ,, 


Figure  3.4  -4.  Placerent  of  two  '^m  litter  trdos  under  sagebrush 
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Table  3.4-26.     Litterfall  composition.  Total    litterfall,  size  indexes,  and  total 
litter  per  size  index  for  each  of  the  seven  species  studied  for 
the  period  June-October  1982. 


Stem 

Species 

"leaf 

■;Stem 

Leaf 

':Se 

ARTR* 

95 

5 

SAVE* 

24 

29 

28 

GRSP 

48 

24 

19 

CHGR* 

39 

AT  CO* 

44 

10 

25 

ATCA 

51 

21 

2 

22 

JUGS 

93 

5 

2 

':Seed     Inflor.       Mixtures     Total/m^     SI     gm  litter/SI 


19 


45.04 

.33 

118.5 

19 

41.39 

1.32 

40.58 

8 

32.00 

.43 

74.87 

42 

14.87 

.38 

39.54 

21 

26.36 

.15 

174.34 

4 

54.35 

1.41 

38.42 

112.44 

16.20 

6.94 

Table  3.4-27  Comparisons  of  litterfall  data  for  1981  and  1982.  Since  the  litter 
traps  differed  both  in  shape  and  mesh  of  the  screen  between  years 
direct  comparison  should  not  be  made.  Rather  this  table  ill'jstrat 
the  added  effectiveness  of  the  newer  traps. 
i931  198_ 

qm/m^ shrub  ranking  ,    gm/m~ 


ARTR 
SAVE 
GRSP 
CHGR 
AT  CO 
ATCA 


es 


17.3 
11.7 
23.9 
6.7 
36.8 
16.6 


118.5 
40.5 
74.9 
39.5 

174.3 
38.4 


shrub  ranking 

2 
4- 
3 
5 
1 
6 
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the  percentage  of  litterfall  for  each  component,  total  litterfall,  size  index, 
and  grams  of  litter/cubic  area  of  above  ground  tissue  for  each  species. 
Litterfall  measurement  compares  favorably  to  other  values  reported  in  the 
literature  (West,  1979).  Utah  juniper  had  the  greatest  litterfall  for  a  five 
month  period.  However,  the  plants  were  also  the  largest.  On  a  per  cubic 

unit  basis,  shadscale  produced  the  most  litter  and  was  followed  by  sagebrush 

3  3 

yielding  equivalents  of  174.3  g/m  and  118.5  g/m  ,  respectively. 

A  comparison  of  results  for  1981  with  1982  are  limited  since  the  litter 
traps  change  between  years  for  all  species  except  Juniper  (Table  3.4-27). 
Comparisons  can  be  made  on  the  increased  effectiveness  of  the  new  traps  in 
collecting  more  litter.  Litter  volumes  (g/m^)  increased  from  200%  for  shad- 
scale,  a  course  shrub,  to  660%  for  sagebrush,  which  has  finer  litter,  from  1981 
to  1982.  The  litterfall  traps  (which  were  kept  the  same)  decreased  in  1982 
from  1981  although  the  decrease  was  small  and  not  statistically  significant 
(123g  in  1981  and  112g  in  1982  -  based  on  Im^  plots). 

3.4.5  Assessment  of  Animal  Use  of  Plants 

The  monitoring  of  animal  use  of  plants  is  important  during  the  construc- 
tion and  operational  phase  of  the  White  River  Shale  Project.   Impacts  of  the 
operation  on  browsing  animals  may  be  reflected  through  their  use  of  browse 
shrub  species  (i.e.,  heavier  or  lighter  utilization  than  the  average  usage). 

To  assess  the  use  on  the  tracts,  the  Cole  Browse  Survey  was  run  at  six 
sites  using  three  key  species  in  June  of  1982.  Utilization  was  difficult  to 
determine  at  this  time  on  two  of  the  key  species;  shadscale  (A.  conferti folia) 
and  greasewood  (S.  vermiculatus)  and  appeared  to  be  too  subjective  to  be  very 
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reliable.  Utilization  was  difficult  to  determine  because  two  year  old  term- 
inal scars  were  not  visually  apparent  and  new  leaders  had  begun  growth.  It 
was  also  decided  that  in  addition  to  the  Cole  Survey  that  an  actual  measure- 
ment of  clipped  (browsed)  herbage,  that  can  be  converted  to  kg/Hectar  of 
utilization,  would  be  taken.  This  will  complement  the  Cole  Survey  and  allow 
greater  precision  in  measuring  the  percent  utilization  which  is  subject  to 
sampler  bias  using  the  Cole  Survey.  Utilization  of  herbage  production  will  be 
measured  by  comparing  enclosed  and  non-enclosed  shrubs. 

Two  key  species,  sagebrush  (A.  trident  at  a)  and  fourwing  saltbush  (A. 
canescens)  have  been  identified  by  the  Department  of  Wildlife  Resources  as 
providing  winter  browse  in  the  White  River  area  (Pershon,  personal  comm., 
1982).  Only  sagebrush  will  be  monitored  because  fourwing  saltbush  shrubs  are 
too  scattered  to  obtain  a  sufficient  sample  within  the  area.  On  October  8, 
1982,  twenty  individual  sagebrush  plants  were  enclosed  with  chicken  wire.  Ten 
of  the  cages  were  placed  at  site  SLG  6  and  at  VG  1.  In  March  of  1983  caged 
and  non  caged  shrubs  will  be  observed  for  browse  utilization  by  measuring 
leader  length.  At  this  time  sample  adequacy  will  be  determined  and  sample 
size  of  caged  shrubs  will  be  adjusted. 

Results  of  the  Cole  Browse  Survey  taken  in  June,  1982  are  given  in  Table 
3.4-28.  Although  sampling  results  may  not  be  very  reliable,  they  were 
interpreted  and  a  discussion  of  the  interpretation  follows.  Sagebrush 
received  heavier  leader  usage  (66%)  than  shadscale  (47%)  and  greasewood  (40%). 
Form  class  is  an  indication  of  browsing  received  the  previous  two  years. 
Sagebrush  again  received  the  heaviest  usage,  58%  of  the  shrubs  were  heavily 
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used  (Figure  3.4-5).  Form  class  and  age  class  together  may  indicate  the 
allowable  browse  usage  of  a  particular  species.  Shadscale  had  10%  of  the 
plants  within  the  decadent  age  class  and  none  in  the  seedling  or  younger  age 
class.  If  this  trend  continues  for  several  years  it  may  indicate  that  brows- 
ing pressure  (36%  heavy  usage)  has  been  too  heavy  to  allow  young  plants  to 
mature.  Likewise,  greasewood  had  24%  of  the  plants  in  the  heavily  hedged 
class  and  14%  were  decadent  and  only  2%  in  the  young  age  class.  Sagebrush 
apparently  has  a  greater  tolerance  to  grazing  and  can  tolerate  58%  heavy 
hedging.  The  young  and  seedling  age  class  (12%)  was  greater  than  decadence 
(10%).   If  these  trends  continue,  it  may  indicate  that  grazing  pressure  is 
too  heavy  for  some  of  the  browse  species. 

A  visual  assessment  of  browse  usage  made  in  October  of  1981  was  reported 
to  be  very  light  (0-5%).   In  June,  1982  an  assessment  of  browse  usage  was 
made  using  the  Cole  Browse  Survey  Method  and  average  usage  was  51  percent. 
This  difference  is  due  primarily  to  June  versus  October  sampling  as  well  as 
to  a  more  accurate  sampling  method.  Generally,  animals  graze  on  grasses  and 
forbs  during  the  summer  months  and  take  yery   few  shrubs.  This  is  the  time 
when  shrubs  are  developing  new  leaders.  Sampling  in  October  reflects  this 
summer  usage  of  shrubs  which  is  low,  and  evidences  of  past  (winter)  grazing 
are  hidden  by  the  new  growth. 

Browse  utilization  sampling  in  June  was  also  difficult  due  to  leader  re- 
growth.  Therefore,  in  1983  all  sampling  will  be  done  in  late  March.  In  addi- 
tion to  the  Cole  Browse  Survey,  caged  plots  will  be  monitored  in  March  1983 
and  methods  compared. 
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Figure  3.4-5.         Illustration  of  browse  usage    of  sagebrush.     June»  1982. 
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3.4.6  Use  of  Lichens  as  Biological  Monitors  of  Air  Pollution 

The  use  of  lichens  as  indicators  of  air  quality  has  been  documented  and 
in  many  cases  implemented  throughout  many  parts  of  the  world  (refer  to  Ferry 
et^  al_. ,  1973  for  a  detailed  treatment).  The  use  of  lichens  to  monitor  the 
effects  of  air  pollution  is  attributed  to  several  factors.  One  is  that  many 
lichen  species  rapidly  accumulate  toxic  substances  (Richardson  nad  Nieboer, 
1981).  With  the  accumulation  of  a  particular  one  of  these  substances  comes 
a  reduction  in  photosynthetic,  respiration  and  nitrification  rates  (Henriksson 
and  Pearson,  1981).  Both  the  concentration  levels  and  the  levels  of  cellular 
activity  of  the  lichen  symbionts  can  be  measured  and  compared  to  normal  or 
standard  conditions.  This  provides  a  micro-level  of  detection  of  not  so  much 
the  concentrations  of  toxic  elements,  but  the  effect  of  those  concentrations 
on  cellular  activity,  which  is  the  more  pertinent  information.  It  has  been 
noted  that  lichens  are  more  sensitive  to  air  pollutants  than  are  vascular 
plants  (Eversman,  1978)  and,  therefore,  any  detectable  damage  to  lichens 
serves  as  an  early  indicator  of  potential  pollution  damage  to  vascular 
species. 

The  purpose  of  this  phase  of  the  monitoring  program  is  to  first, 
document  the  existing  conditions  of  the  saxicolous  lichen  community  within 
the  proposed  development  area  of  the  White  River  Shale  Project.  A  second 
objective  is  to  develop  procedures/methodology  for  measuring  the  degradation 
of  the  lichen  communities  and  any  damage  to  lichen  tissues  that  may  occur 
from  increased  atmospheric  concentrations  of  toxic  elements,  in  particular 
SO2,  resulting  from  oil  shale  development  activities. 

Characterization  of  selected  saxicolous  lichen  communities  along  three 
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transects  radiating  out  from  the  proposed  plant  site  (Figure  3.4-6)  was  initi- 
ated with  1982  field  studies.  The  data  collected  are  presented  in  Tables 
3.4-29  and  3.4-30.  The  data  represent  a  summary  of  the  parameters  measured 
at  each  stand.  The  total  cover  values  represent  an  ocular  estimate  of  the 
cover  attributable  to  both  lichens  and  mosses.  Cover  values  for  the  NW 
transect  vary  from  12.8  at  stand  3  to  25.7  at  stand  5.  The  variation  of 
cover  between  stands  along  the  NE  &  SE  transects  is  about  the  same,  ranging 
from  24.6  to  48.3  and  25.3  to  42. 4, respectively.  It  can  also  be  noted  that 
the  amount  of  cryptogamic  cover  was  somewhat  higher  along  the  NE  &  SE  tran- 
sects than  the  NW  transect.  Statistical  comparisons  are  not  appropriate  be- 
tween transects  or  between  stands  since  variables  such  as  substrate  and  ex- 
posure were  not  considered  when  locating  stands.  The  experiment  was  designed 
to  measure  changes  at  each  stand  over  time.  The  data  presented  in  Table  3.4- 
29  do,  however,  give  an  indication  of  the  development  of  thesaxicolous  lichen 
communities  along  each  transect. 

As  explained  in  the  quarterly  report,  the  saxicolous  lichen  Lecanora 
peltata  was  selected  as  the  indicator  species  due  to  its  presence  along  each 
transect.  The  amount  of  cover  attributable  to  I.   peltata  and  its  frequency 
of  occurrence  fluctuated  along  the  three  transects.  As  can  be  seen,  the 
standard  deviation  for  the  cover  data  exceeded  the  mean  in  all  cases,  which 
is  indicative  of  the  variability  at  each  stand. 

One  parameter  measured  that  was  relatively  consistent  was  the  number  of 
species  encountered  per  quadrat.  The  values  reported  range  from  6-9  species 
per  quadrat  and  the  variation  at  each  stand  was  much  lower  in  comparison  with 
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Figure  3.4-6. 


Location  of  CIR  transects  and  lichen  monitoring  transects  with 
respect  to  representative  annual   average  SO2  concentrations. 


Vegetation  stress   transects 

Biological   monitoring   transect  with  stand  locations 
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Table  3.4-30.  Frequency  of  all  lichen  species  encountered  along  the 
SE  transects. 

Stands 


Species 

1 

2 

3 

4 

3 

6 

7* 

Acarospora  striqata 

.50 

1.0 

.90 

.65 

.70 

.85 

A.    chiorophana 

— 

— 

-- 

-- 

-- 

.20 

A.    glaucocarpa 

— 

.15 

-- 

.20 

.35 

.25 

A.    schleicheri 

— 

-- 

-- 

— 

-- 

-- 

A.    smaragdula 

.60 

.25 

.20 

.25 

.75 

.35 

Buellia  ounctata 

.20 

— 

-- 

-- 

.70 

.SO 

B.    retrovertans 

— 

— 

— 

— 

— 

-- 

B.    saurina 

— 

— 

-- 

-- 

.10 

ilaloplaca  ppithallina 

.25 

— 

-- 

-- 

-- 

-- 

C.    tracn.onvlla 

.50 

.75 

.20 

.80 

.95 

.35 

Candelariella  rosulans 

.45 

.90 

.90 

.90 

.95 

.90 

Col lema  sp. 

-- 

-- 

— 

.10 

.05 

-- 

Der-atocarcon  minia- 

tan 

— 

.10 

-- 

.10 

.10 

-- 

i^ecanora  alphoplaca 

.05 

-- 

.05 

-- 

-- 

.15 

I.  caesioci^erea 

.95 

.45 

1.00 

.85 

.85 

.75 

L.   calca'-°a 

— 

.05 

.10 

-- 

-- 

-- 

L.    cnrvsoleuca 

-- 

-- 

-- 

-- 

-- 

-- 

L.    fr-stulosa 

.45 

-- 

-- 

-- 

.10 

— 

L.    aarovaqlii 

.90 

— 

.15 

.10 

.10 

-- 

^.  ^eUnothalma 

.05 

— 

-- 

-- 

-- 

-- 

L.  rr.^ralis 

.05 

.05 

.15 

.15 

-- 

.25 

L.   -utazilis 

.70 

.35 

.60 

.85 

.95 

.45 

L.    nGv3-exicana 

.70 

-- 

.20 

.20 

.70 

— 

L.    Deitata 

.15 

.25 

.50 

.35 

.30 

.25 

Leciaia   auriculata 

— 

.50 

.35 

.30 

.40 

.65 

;..    MloDiff?ra 

— 

— 

.05 

-- 

-- 

— 

L.    novor.exicana 

— 

-- 

-- 

.10 

.05 

-  - 

L.    Dlar.a 

.20 

.25 

.45 

.10 

.05 

-- 

L.    russellii 

-- 

.05 

-- 

— 

-- 

-  - 

L.    sticirr.ata 

.15 

.55 

— 

.20 

.70 

.50 

L.    tesselaia 

-- 

-- 

— 

-  - 

-  - 



Parrelia   substvqia 

.25 

-- 

-- 

— 

— 

— 

Pnysica   so. 

-- 

-- 

-- 

-- 

-- 

— 

RhizocarDon  disDorum 

.25 

— 

-- 

-- 

.20 

.05 

Sarcoqyne  oriviana 

.05 

.05 

.20 

— 

— 

-- 

3taurothele  rufa 

.30 

.10 

.85 

.90 

.35 

.20 

*Pnoto  Dlot  only 
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Table  3.4.-30.  (Continued)  Frequency  of  all  lichen  species  encountered 

along  the  NW  transects. 


Stands 

Species 

1 

2 

3 

4 

D 

6 

7 

Acarospora  strigata 

.95 

.85 

.70 

.60 

.85 

.85 

.95 

A.   chlorophana 

— 

— 

-- 

— 

-- 

-- 

-- 

A.    qlaucocarDa 

.05 

.15 

-- 

— 

-- 

.25 

.05 

A.    schleicneri 

— 

-- 

-- 

.05 

-- 

-- 

-- 

A.    snaraqdula 

.45 

.40 

.45 

.30 

.70 

.50 

-- 

Buellia   punctata 

-- 

-- 

-- 

.40 

.15 

-- 

.15 

5.    retrovertans 

— 

— 

-- 

-- 

-- 

.05 

-- 

D.    saunna 

— 

-- 

-- 

— 

.10 

-- 

-- 

CaloDlaca   ei^tnallina 

-- 

— 

-- 

.05 

-- 

-- 

-- 

C.    trachvDhvlla 

.50 

.10 

.10 

.55 

.50 

.45 

.25 

Cancel ariel la   rosulans 

.70 

.95 

.70 

.60 

.35 

.70 

.50 

Cor  era   so. 

-- 

.05 

.05 

.10 

-- 

-- 

.05 

Derr.ctocarpop  minia- 

tun 

— 

-- 

— 

.10 

.10 

— 

-- 

Lecanora  alphoDlaca 

.35 

-- 

.05 

.35 

.40 

-- 

-- 

L.    caesioci nerea 

.20 

.50 

-- 

.65 

.60 

.80 

.75 

L.    C3lcare2 

.10 

.20 

.20 

.35 

.15 

-- 

-- 

L.    cnrvsolejca 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

L.    friistulosa 

.05 

.20 

.10 

-- 

.55 

-- 

.10 

L.    qarovanlii 

.15 

.15 

.15 

.20 

.15 

.10 

— 

L.   relar.cinalma 

.10 

-- 

.05 

.10 

.05 

.30 

— 

L.   -.-zlis 

.25 

.15 

.15 

.10 

.40 

.25 

.45 

L.   -.-a--;is 

.05 

.45 

.80 

.75 

.35 

.50 

.35 

L.    nGvo~e.vicana 

-- 

.15 

.05 

.10 

.40 

-- 

-- 

L.    peltata 

.40 

.25 

.25 

.55 

.55 

.55 

.70 

Leciaia   auriculata 

-- 

-- 

-- 

.05 

.10 

.10 

.05 

;..    z'ozifera 

— 

-- 

-- 

-- 

.05 

-- 

-- 

L.   ncvo-exicana 

— 

-- 

— 

.10 

-- 

-- 

— 

L.    r'.ana 

— 

.10 

.30 

.20 

— 

.25 

-- 

L.    russellii 

-- 

-- 

-- 

-- 

.05 

-- 

-- 

L.    stiq:-.ata 

.45 

.45 

.70 

.15 

.20 

.45 

.25 

L.    tesselata 

-- 

-- 

.05 

-- 

-- 

-- 

-- 

Parrelia   substyqia 

— 

-- 

-- 

.05 

.15 

-- 

-- 

Pnysica   sp. 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Rhizccarpon   disporun 

.05 

-- 

-- 

-- 

.35 

.15 

-- 

Sarco;/ne   priviqna 

-- 

-- 

-- 

-- 

-- 

.50 

.30 

Staufcthele   rufa 

1.0 

1.0 

.60 

.30 

.90 

.50 

.85 
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Table  3.4-30.  (Continued) 


Species 


Frequency  of  all  lichen  species  encountered 
along  the  NE  transects. 

Stands 

1  2     3     3     5     6^  7 


Acarospora  strigata 
A.    chlorophora 

A. 

qlaucccarpa 

A. 

schleicheri 

A.  smaraqdula 
Buellia  punctata 

B.  retrcvertans 

B. 
Ca 

sajrina 
loplaca  epithallina 

C. 

trachyphyl la 

Candelariella  ros-lans 

Co 

De: 

lleiT^a   s;. 
rmatocarpon  mria- 

tum 
Lecanora  alphop"i  =  :a 
L.    caes- Dcinerea 

L. 
L. 

calca-'ea 
chrvsoleuca 

L. 

frust'jlosa 

L. 

garovaglli 
rrie"  =p.otnalrr,a 

L. 

1 

muri ' is 
nut;;i  lis 
nov:   exicana 

L.    pe't^ta 
Lecia: i  auriculcta 
L.    glozifera 
L.   novor.exicana 

L.    plana 

L.    russellii 

L.    stig-iata 

L.    tesselata 

Panr.elia   substycia 

Physica   sp. 

Rhizocarpon  disDorun 

Sarcogyne  privigna 
Staurotnele  rufa 

.80 

.85 

.90 

.95 

.65 

.10 

.20 

.25 

.25 

.05 

— 

.05 

-- 

-- 

-- 

.20 

.35 

.45 

.50 

.55 

.55 

.60 

-- 

.20 

.50 

10 


20 


05 


.70 

.80 

.55 

.75 

.90 

.85 

.95 

.90 

.70 

.95 

.10 

.10 

-- 

-- 

.10 

.40 

.10 

_  _ 

.  _ 

.50 

-- 

.15 

.20 

-- 

.20 

.35 

.70 

.80 
.10 

.70 

.80 

.05 

__ 

.  _ 

.  . 

.05 

.05 

.05 

.05 



.05 

-- 

-- 

.45 

.05 

.05 

.05 

.15 

.15 

.35 

.40 

.70 

.75 

.70 

.80 

— 

-- 

.40 

-- 

-- 

.55 

.15 

.45 

.35 

.65 

.45 

.35 

.05 

.25 

.55 

.05 

-- 

-- 

-- 

-- 

.10 

-- 

.10 

-- 

.05 

.25 

.25 

.70 

.15 

.25 

.50 

.35 

.35 

.50 

.65 

-_ 

.10 



_  _ 

_  . 

.05 

-- 

-- 

-- 

-- 

.30 

.05 

-- 

.10 

.30 

.25 

.10 

-- 

.30 

-- 

.75 

.85 

.95 

.90 

.80 

*Photo  plot  only 
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other  parameters  measured. 

The  total  cryptogamic  cover  was  broken  down  into  the  amount  attributable 
to  lichens  and  the  amount  attributable  to  mosses.  Without  exception,  the 
contribution  of  mosses  to  the  total  cover  was  less  than  5%.  The  frequency 
values  for  all  other  lichen  species  encountered  is  presented  in  Table  3.4-30. 

A  common  method  of  evaluating  air  pollution  damage  to  lichen  communities 
is  by  determining  the  species  richness  or  number  of  different  species  encoun- 
tered at  a  site.  The  species  list  presented  in  Table  3.4-30  requires  some 
qualification.  Under  conditions  typical  of  cool  deserts  such  as  seasonal 
and  diurnal  temperature  fluctuations,  sporadic  precipitation  of  less  than 
10  inches  annually,  and  low  vegetative  cover,  the  unique  morphological  char- 
acteristics of  many  lichen  species  are  lost.  Weathered  thalli  of  some  species 
becomes  impossible  to  distinguish  from  another  species  and  many  species  due 
to  harsh  conditions  infrequently  produce  fruiting  structures,  which  is  almost 
always  essential  for  proper  identification.  The  species  listed  in  Table  3.4-30 
are  representative  of  those  lichen  species  distinguishable  in  the  field.   In 
some  instances,  the  vegetative  thallus  was  present,  but  due  to  weathering  it 
was  unidentifiable  and,  therefore,  not  reported.  The  reliabil  ity  of  the  infor- 
mation given  in  Table  3.4-30  is  dependent  upon  the  experience  and  familiarity 
field  personnel  have  with  desert  lichen  flora  and  some  of  the  variation  to 
be  expected. 

At  each  stand,  three  substrate  samples  and  three  samples  of  the  lichen 
l_.   peltata  were  collected  and  returned  to  the  laboratory  where  they  were  pre- 
pared and  analyzed  for  sulfur  and  fluorine.  Analysis  for  sulfur  was  conducted 
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using  a  LECO  carbon  sulfur  analyzer  equipped  with  an  ignitor  for  hyrdocarbons. 
Approximately  0.5  grams  of  the  substrate  and  0.25  grams  of  the  lichen  tissue 
from  each  site  were  used  for  the  sulfur  analysis.  Fluorine  analysis  includ- 
ed the  use  of  the  Bechman  expanded  scale  pH  meter,  model  number  SSI  with  a 
fluorine  selective  ion  electrode.  One  gram  of  the  lichen  tissue  after  dry 
ashing  and  .25  grams  of  the  substrate  were  used  in  the  analysis  of  each 
sample.  Each  sample  was  fused  with  Na20  /NaCo^,  dissolved  with  deionized 
water  and  brought  to  volume  and  analyzed  by  the  method  of  known  addition. 
The  average  of  the  three  samples  and  the  standard  deviation  of  the  elemental 
analyses  are  given  in  Table  3.4-29.  A  correlation  was  run  to  evaluate  the 
relationship  of  elemental  content  and  distance  from  the  proposed  processing 
site.  A  correlation  coefficient  of  .0817  was  achieved  for  sulfur  content 
and  .0128  was  obtained  for  fluorine.  Both  are  obviously  non  significant. 
Of  the  2  elements,  sample  sulfur  showed  the  least  variation  both  between 
samples  and  within  samples.  The  variation  experienced  with  the  fluorine  sam- 
ples negates  or  at  least  hinders  the  repl icability  and  statistical  accuracy 
within  the  time  frame  of  the  project.  The  elemental  content  values  for  the 
lichen  thallus  are  within  the  range  reported  from  similar  studies  by  Erdman 
and  Gough  (1977)  and  Gough  &  Erdman  (1977)  using  the  terricolous  lichen  Par- 
me1 ia  chlorochroa  in  the  vicinity  of  the  Dave  Johnston  Power  Plant  near  Glen- 
rock,  Wyoming.  They  reported  between  360  and  1200  ppm  of  sulfur  in  the 
thallus  of  the  lichen.  Anderson  (1983)  in  a  similar  study  conducted  in  1982 
at  the  Dave  Johnston  Power  Plant  and  The  Laramie  River  Power  Plant  near  Wheat- 
land, Wyoming  reported  480  ppm  and  491  ppm/respectively,  for  the  sulfur  con- 
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tent  of  the  thai! us  of  P^.  chlorochroa. 

Results  of  the  1982  studies  on  the  use  of  saxicolous  lichen  communities 
to  monitor  air  quality  suggest  a  few  minor  alterations  to  the  existing  envi- 
ronmental monitoring  manual  and  to  the  original  project  design.  The  adequacy 
of  the  current  sampling  procedures  was  evaluated  by  determining  a  minimum 
number  of  samples  required  to  estimate  total  lichen  and  moss  cover,  number  of 

species/quadrat,  and  lichen  thallus  content  of  sulfur  and  flourine.  Thisv;as 

2    (s^) 
accomplished  by  using  the  formula  Nmin  =  t  — r^  _  ^l where  t  is 

the  t-value  at  «  =.io,  dequals  20%,  s  equals  the  sample  standard  deviation,  x 
is  the  sample  mean,  and  therefore,  Nmin  equals  the  needed  samples  size  that 
will  detect  a  20%  change  in  the  mean  with  90%  confidence  (Snedecor  and  Coch- 
ran, 1967).  The  results  are  reported  in  Table  3.4^31.  The  number  of  species/ 
quadrat  can  be  accurately  sampled  under  current  sampling  procedures,  i.e., 
20  quadrats  per  stand.  The  number  of  quadrats  necessary  to  adequately  esti- 
mate total  cover  varied  considerably.  Stands  along  the  NE  and  SE  transects 
would  require  slightly  less  than  the  20  quadrats  placed.  The  NW  transects, 
however,  would  require  slightly  more  than  20  quadrats  to  adequately  sample 
total  cover  at  the  levels  deisred.  Although  stand  comparisons  may  not  be 
meaningful  (statistically)  quadrat  comparisons  will  provide  sufficient  infor- 
mation on  changes,  if  any,  in  total  cover.  The  sulfur  content  of  the  lichen 
thallus  is  also  sampled  adequately  (three  samples).  However,  the  fluorine 
content  of  the  lichen  thallus  would  require  additional  sampling  to  achieve 
an  adequate  sampling  level.  The  expenses  involved  with  additional  elemental 
analysis  do  not  justify  an  increase  in  sample  size.  Also,  the  variability 
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Table  3.4-31.  Number  of  samples  (quadrats)  needed  per  stand  to  estimate  total 
cover,  #  spp/quad,  sulfur  content  of  lichen  thallus  and  fluorine 
content  of  lichen  thallus  within  205.  of  the  mean  at  a  90%  con- 
fidence level. 


Varia 

ble 

Sulfur  Content 

Fluorine  Content 

Transect 

Stand 

Total  Cover 

'   Spp/Quad 

Lichen  Thallus 

Lichen  Thallus 

Northwest 

1 

33.6 

5.2 

<  0.1 

1.8 

2 

35.1 

8.3 

<   0.1 

7.5 

3 

22.2 

6.1 

0.3 

1.4 

4 

25.7 

7.8 

0.1 

4.8 

5 

37.9 

6.6 

0.2 

4.2 

6 

35.1 

11.5 

0.2 

6.7 

7 

24.6 

3.6 

7.5 

90.0 

Northeast 

1 

20.0 

5.0 

0.5 

37.8 

2 

11.3 

5.2 

0.7 

1.4 

3 

17.0 

3.4 

2.3 

4.8 

4 

8.2 

4.1 

0.3 

2.7 

5 

8.7 

1.0 

0.5 

6.8 

6 

.. 

.- 

0.1 

2.7 

7 

— 

— 

<  0.1 

0.2 

Soutneast 

1 

9.6 

2.0 

2.3 

2.9 

2 

10.7 

4.5 

0.5 

8.6 

3 

16.8 

3.1 

0.1 

16.9 

4 

15.9 

4.5 

0.3 

3.3 

5 

4.8 

1.5 

2.0 

0 

6 

11.2 

2.3 

<  0.1 

S.3 

7 

— 

— 

0.2 

0 
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experienced  with  the  fluorine  samples  suggests  that  additional  sampling  may 
not  increase  the  reliability  of  the  data.  It  is  recommended  that  fluorine 
analysis  be  discontinued  in  subsequent  years. 

Parameters  found  to  be  good  indicators  of  current  conditions  and  valu- 
able for  monitoring  future  impacts  include  total  cryptogamic  cover  (primarily 
lichen),  number  of  species/quadrat  and  sulfur  of  lichen  tissue.  A  minor  ad- 
justment will  be  made  in  future  field  evaluations  for  determining  the  fre- 
quency of  all  species  encountered,  a  portion  of  them  will  be  selected  for 
monitoring  in  future  years.  The  species  selected  will  be  those  easily  dis- 
tinguished in  the  field  and  not  vulnerable  to  weathering.  The  list  will  be 
as  comprehensive  as  possible  since  the  response  of  all  species  to  potential 
increases  in  certain  air  pollutant  concentrations  is  not  known.  It  is  impor- 
tant to  include  the  maximum  feasible  number  of  species  since  they  are  all 
potential  indicators  of  air  pollution  effects. 

3.4.7  Plant  Condition  and  Stress 

One  means  of  monitoring  manifestations  of  damage  due  to  causal  agents 
is  to  regularly  inspect  individual  plants.  However,  this  technique  is  gen- 
erally impractical  for  surveys  of  large  areas  where  accessibility  is  limited 
and  vegetation  is  rather  sparse.  Its  use  is  generally  restricted  to  small 
areas  where  the  location  or  frequency  of  adverse  effects  is  certain.  Per- 
manent plots  are  usually  associated  with  this  approach  to  monitoring.  The 
relative  complexity  of  the  vegetation  on  the  oil  shale  tracts,  the  large  area 
to  be  surveyed,  and  general  inaccessibility  of  some  areas,  limits  the  value 
of  this  approach  for  monitoring  vegetation  condition/stress  on  lands  assoc- 
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iated  with  the  White  River  Shale  Project.  Alternatively,  effective  monitor- 
ing can  be  achieved  by  remote  sensing  using  color  infrared  (CIR)  photography. 
Color  and  color  infrared  aerial  photographs  have  proved  to  be  more  reliable 
and  accurate  sensors  for  detecting  change  in  vegetation  than  black-and-white 
films  or  ocular  estimates  (Heller,  1978).  The  photographs  offer  a  permanent 
record  which  can  be  used  as  baseline  data  and  can  be  subsequently  checked 
with  new  photography  at  a  future  date.  In  many  cases,  a  survey  can  be  made 
of  comparable  accuracy  with  less  money,  less  time  and  with  fewer  people  than 
by  conventional  ground  survey  methods  (Wert  and  Rottgering,  1968). 

The  use  of  CIR  photography  as  an  aid  to  monitoring  vegetation  damage  is 
based  on  the  fact  that  physiological  changes  reveal  themselves  photographically 
through  changes  in  spectral  reflectance.  Changes  in  spectral  reflectance  may 
first  occur  at  wavelengths  beyond  detection  with  the  human  eye  or  normal  color 
film.  By  the  use  of  color  infrared  film,  these  previsual  or  extra-visual 
symptoms  can  be  detected  and  recorded.  Healthy  vegetation  regardless  of  veg- 
etation type  or  species,  usually  appears  a  reddish  color  on  CIR  film  positives 
or  prints.  Stressed  vegetation  grades  with  intensity  of  stress  to  magenta, 
purple,  green  and  yellow  as  the  loss  of  infrared  relectance  progresses.  It 
is,  therefore,  the  deviation  relative  to  the  appearance  of  healthy  vegetation 
that  becomes  important  in  detecting  vegetation  stress. 

Vegetative  cover  on  portions  of  oil  shale  tracts  Ua  &  Ub  was  photographed 
from  a  fixed-wing  aircraft  on  July  19,  1982.  This  date  coincides  with  the 
maximum  stress  period  as  determined  by  the  phenological  stage  of  annual  plant 
species  such  as  cheatgrass,  halogeton  and  Russian  thistle.  The  maximum  stress 
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period  was  somewhat  later  than  anticipated  in  1982,  due  to  increased  late 
spring  and  early  summer  precipitation  and  lower  average  temperatures. 

Photographic  specifications  followed  those  detailed  in  the  Environmental 
Monitoring  Manual  (EMM).  The  sequence  of  photographs,  taken  at  predetermined 
altitudes,  constitute  a  transect  that  documents  the  condition  of  vegetation 
along  that  portion  of  the  study  area.  Two  such  transects  were  flown  within 
the  study  area  (Figure  3.4-6).  Both  traverse  the  proposed  plant  site  in  Sec. 
22  (T.IOS,  R.24E.).  The  first  of  these  transects  was  centered  along  the  path- 
^ay   of  maximum  plume  effluent  discharge  from  the  proposed  retort  in  a NW-SE 
direction.  For  scale  comparison  purposes,  it  was  flown  at  two  altitudes,  600 
feet  above  ground  level,  resulting  in  an  image  scale  ratio  of  approximately 
1:2,400  and  2600  feet,  a  scale  of  1:6000.  The  transects  are  approximately 
0.5  miles  wide  and  8  miles  long  (the  area  covered  by  the  1:6000  scale  tran- 
sect is  slightly  greater). 

The  second  transect  is  oriented  at  approximately  right  angles  to  the 
first  transect,  a  NE-SW  direction.  It  is  at  a  scale  ratio  of  1:2,400  and  is 
expected  to  receive  minimal  or  no  gaseous  discharge  levels.  Both  transects 
traverse  all  4  vegetation  types  which  are  delineated  in  the  baseline  report. 

Ground  reconnaissance  was  preceeded  by  an  assessment  of  each  CIR  photo- 
graph for  stressed  vegetation.  Vegetation  showing  stress  as  depicted  by 
deviation  from  high  infrared  reflectance  (a  reddish  color)  was  clearly  marked. 
Once  a  preliminary  assessment  was  made,  the  photographs  were  taken  to  the 
field  where  stressed  areas  were  visited,  and  data  taken  as  to  the  causal  fac- 
tor and  frequency  of  the  stress.  Color  photographs  and  plant  voucher  or 
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causal  agent  specimens  were  taken  when  appropriate  for  stress  documentation. 

During  the  ground  reconnaissance  of  the  stressed  areas  a  coding  system 
was  developed  in  which  each  stressed  area  or  individual  plant  was  identified 
as  to  aerial  photograph  number,  color  photograph  number,  vegetation  type, 
causal  factor,  if  detectable,  and  the  species  affected. 

The  results  of  the  ground  reconnaissance  are  presented  in  Table  3.4-32. 
Photo  numbers,  both  color  and  CIR,  are  referenced  to  photograph  files  main- 
tained at  Native  Plants,  Inc.  for  the  WRSOC.  Vegetation  types  reported  cor- 
responds to  previous  vegetation  type  delineations.  All  four  vegetation  types, 
i.e.,  juniper,  sage-greasewood,  shadscale  and  riparian,  although  covered  by 
each  transect,  may  not  have  been  included  in  the  ground  reconnaisance. 

The  areas  delineated  as  stressed  can  be  categorized  at  this  point  into 
two  major  groups:  those  resulting  from  a  phenological  stage  and  those  show- 
ing a  causal  agent,  such  as  disease  or  mechanical  disturbance.  The  first 
group  is  typified  by  annual  plants  such  as  cheatgrass,  halogeton,  or  Russian 
thistle,  that  have  set  seed  and  have,  at  the  time  of  the  aerial  photography, 
ceased  growing  (Figure  3.4-7).  This  group  also  includes  various  shrub  spe- 
cies whose  growth  occurs  during  the  cool  season  and  by  late  summer  are  some- 
what scenescent,  (horsebrush,  hopsage);  Figure  3.4-8. 

The  low  infrared  reflectance  in  the  second  group  indicates  a  permanent 
rathern  than  seasonal  situation.  It  is  this  type  of  damage  that  is  to  be 
documented  prior  to  the  start  of  plant  operations.  Several  of  the  dominant 
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Table  3.4-32.  Location  and  characterization  of  stressed  vegetation  along  tMO 
linear  transects  within  the  White  River  Shale  project  area. 


CIR 
Photo  Id. 

Col( 
Photo 

jr 

Id. 

Veg.  Type 

Transect 

Species 

Comnents 

12-6-82 

2-23 
2-26, 

2-29, 
36 
2-37 

2-38 

28 
32. 

Juniper 
Juniper 

Juniper 
Juniper 

Juniper 

SE 
SE 

SE 
SE 

SE 

Pinon 
Annuals/shrubs 

Pinon 
Juniper 

Juniper 

Insect  damage 
Dry  cheatgrass/ 
Russian  thistle 

Insect  aamage 
Diseased-fungal 

infection 
Decadent-cause 

undetectable 

12-18-82 

3-20 

Shadscale 

SE 

Halogeton/ 
Russian  thistle 

Dry 

12-20-82 

3-21, 

22 

Shadscale 

SE 

Cheatgrass 

Dry 

12-20-82 

3-24 

Shadscale 

SE 

Shrub  /  Juniper/ 
Cheatgrass 

Dry.  saarsely 
vegetated 

11-5-82 

0-17 

Juniper 

SE 

Juniper 

Insect  damage 

11-9-82 

0-39, 

40 

Sagebrush- 
Greasewood 

SE 

Shrubs 

Senescent 

11-20-82 

3-14, 
16 

15, 

Shadscale 

SE 

Annuals/Shrubs 

Dry/Senescent 

11-20-82 

3-18, 

19 

Shadscale 

SE 

Annuals/Shrubs 

Dry/Senescent 

11-22-82 

3-12. 

13 

Shadscale 

SE 

Annuals 

Dry  creatgrass 

10-18-82 

3-30, 

32 
3-33 

31, 

Riparian 
Shadscale 

:\E 

Shrubs 
Annuals 

Deaa  tanarisk 
Dry  halogeton 

9-14-32 

1-20 
0-25 

Sage- 
Greasewood 

NE 
NE 

Shrubs 
Annuals 

Horseorush 

Dry  Russian  thist 

9-5-82 

1-18, 

19 

Sage- 
Greasewood 

UE 

Juniper 

Decadent  -  cause 
undetectable 

9-7-82 

1-16. 

17 

Sage- 
Greasewood 

AE 

Juniper 

Diseased  -  fungal 
infection 
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Table  3.4-32  (Continued). 
CIR      Color 


Photo  Id. 

Photo  Id. 

Veg.  Type 

Transect 

species 

Comments 

8-10-82 

2-12.  13, 
14.  15. 

16  Juniper 

su 

Juniper 

Diseased  -  fungal 
infection 

8-10-82 

2-17 

Juniper 

sw 

Shrubs 

Dry  serviceberry 

8-10-82 

2-18,  19 

Juniper 

su 

Shrubs/Annuals 

Horsebrush/cheatgrass 

7-5-82 

3-1,  3,  4 

Juniper 

su 

Juniper 

Diseased  -  fungal 
infection 

7-4 


7-10 


7-15-82 


7-18-82 

7-20-82 
7-22-82 


3-7,  8     Juniper 


2-22 

2-2 

2-3 

2-4 
2-5 

2-7,  8 

2-9 

2-10 

2-11 


1-30 
1-32.  33 

1-31 

1-29 
1-27 

1-26 
1-25 


Juniper 

Juniper 

Juniper 
Juniper 

Sage- 
Greasewood 

Sage- 

Greasewood 
Sage- 

Greasewood 

Sage- 
Greasewood 


Juni 


Jun 


per 


Juniper 

Juniper 

Juniper 
Juniper 


SU     Juniper 


7-10      2-20,  21    Sage- 

Greasewood    SU 


Sage- 
Greasewood    SU 


per 


Juniper 


5U 
SU 

SU 

SU 

SU 

sw 

SU 

su 

SU 

S'M 

su 

su 
su 

sw 

sw 


Shrubs/Annuals 

Reseeded 

Juniper 

Juniper 

Shrub 
Juniper 

Annuals 

Shrubs 

Shrubs 

Shrubs 

Shrubs/grasses 

Juniper 

Juni 


per/shrubs 


Juniper 
Juniper 

Juniper 
Juniper 


Decadent  -  cause 
undetectable 


Greasewood/cheatgrass 


Dry  halogeton 
and  cheatgrass 

Decadent  -  cause 

undetectable 
Decadent  -  cause 

jndetectaDle 
Serviceberry  -  dry 
Decadent  -  cause 

undetectable 

Dry  Russian  tnistle 

Rabbi tbrush 

Rabbitbrush/ 
Greasewood 

Serviceberry 

Hosebrush/cheatgrass 
Diseased  -  cause 

unknown 
Serviceberry 

Decadent 
Decadent 

Decadent 

Portion  decadent 
cause  unknown 
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Table  3.4-32     (Continued) 


CIR 

Col( 

3r 

Photo  Id. 

Photo 

Id. 

Veg.  Type 

Transect 

Species 

Cooments 

7-22-82 

1-28 

Juniper 

SW 

Grass 

iNeedlegrass  -  dry 

1-24 

Juniper 

SW 

Juniper 

Decadent  -  cause 
unknown 

1-22 

Juniper 

SU 

Juniper 

Decadent  -  cause 
unknown 

1-21 

Juniper 

SW 

Juniper 

Diseased  -  cause 
unknown 

6-22-82 

0-29, 

30 

Shadscale 

NU 

Shrubs/grasses 

Shadscale/rabbit- 
brush/greasewood/ 
cheatgrass 

5-11-82 

3-5 

Juniper 

NU 

Juniper 

Diseased-cause 
unknown 

3-6 

Juniper 

NW 

Junioer 

Diseased  -  cause 
unknown 
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Figure  3.4  -7     Areas  of  dry  halogeton  along  gas  pipeline. 


Figure  3.4  -3. 


Horsebush   (silvery-gray  aopearing  shr-jb)    at  time  of  a-rial 
photograpny  was  donrant  and  showed  little  CIR  reflectance. 
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tree  species  on  the  oil  shale  tracts  show  a  high  infrared  reflectance  on  the 
July  CIR  photography  making  stressed  individuals  readily  detectable.  Stressed 
juniper  trees  were  most  frequently  encountered  as  seen  in  Figure  3.4-9.  Initial 
investigations  show  that  low  CIR  reflectance  was  attributable  to  three  major 
agents.  Mechanical  disturbance  as  a  result  of  recent  road  and  facilities 
construction  is  one  cause  of  stressed  individuals.  However,  this  type  is 
restricted  geographically  and  will  decrease  with  time.  Another  source  of 
stress  is  old  age  (Figure  3.4-9-10).  Many  old  partially  decadent  trees  have 
a  relatively  low  CIR  reflectance.  In  many  instances,  the  growing  portion  of 
the  trees  has  a  '^ery   high  CIR  reflectance  (strong  reddish  color).  The  deca- 
dent portion  has  little  to  no  CIR  reflectance  making  the  visual  results  of 
this  particular  stress  factor  uniquely  indentifiable  in  CIR  transparencies. 
The  third  primary  causal  agent  is  disease.   Investigations  this  year  revealed 
two  possible  disease  sources.  Several  trees,  particularly  juniper  trees 
that  were  partially  defoliated  and  consequently  with  low  CIR  reflectance, 
showed  signs  of  fungal  infection  (Figure  3.4-11).  The  results  of  another 
infestation,  that  of  boring  insects,  was  also  observed  (see  Figure  3.4-12). 
Both  types  of  infestations  were  detected  on  CIR  photography  (compare  Figures 
3.4-13  -  3.4-14  and  3.4-15  -  3.4-16),  however,  ground  verification  was  neces- 
sary to  detect  which  of  the  two  agents  were  responsible. 

Other  species  showing  promise  for  long  term  monitoring  are  greasewood 
and  rabbitbrush.  Their  robust  growth  in  the  warm  season  thus  increased  CIR 
reflectance,  enhances  their  usefulness.  However,  neither  species  is  easily 
identified  or  differentiated  from  surrounding  shrubs  without  ground 
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Figure  3.4-9.  Decadent  tree.  Compare  with  3.4-10  for  CIR  reflectance. 
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Fiaure  3.4-10.     CIR  aerial   photograph  of  juniper  tree  (circled)   shown  in 
3.4-9. 
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Figure  3.4  -11 . 


Fruiting  structure  of  fungus  observed  on  several   juniper 
trees.      Photograph  of  juniper  tree  shown  in  Figure  3.4  -9 
and  3.4  -10. 


Figure  3.'^.   -12. 


Evidence  of  insect  damage 
3.-1-15  and  3.4  -16. 


to  a  pinon  tree  shown  in  Figure 
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Figure  3.4-13.      Dead  juniper  tree.    Compare  with   Figure  3.4-14   for  respective 
CIR  reflectance  and  Figure  3.4-11    for  possible  cause  of  death. 


Figure  3.4-14.      CI?,   aerial    photograph   of  juniper  tree   (ci  rcled)  sho-vn  ifi  3.  4-1  3. 
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Figure  3.4-15. 


Dead  pinon  tree.     Compare  with  Figure  3.4-16  for  respective 
CIR  reflectance  and  Figure  3.4-12  for  possible  cause  of  death, 


Figure  3.4-16.     CIR  aerial   pnotograph  taken  at  a  scale  of  approximately  1:2400. 
The  tree  circled  is  the  pinon  tree  shown  in  Figure  3.4-15. 


9i»  J^-r^  Mxft 


•^■•**'  * 


4  -Z.   *•  v^  •'" 


^■** 


3-78 


verification. 

As  explained  in  the  methods  section,  the  NW-SE  transect  was  photographed 
at  two  scales,  1:2400  and  1:6000.     The  purpose  was  to  determine  the  appro- 
priate scale  for  future  monitoring  of  vegetation  condition.     Differences  be- 
tween the  two  scales  are  depicted  photographically  in  Figures  3.4-17  and 
3.4-18.     Figure  3.4-18  is  at  a  scale  of  1:6000  and  Figure  3.4-17  at  1:2400. 
On  the  1:6000  photograph  individual  juniper  trees  and  some  shrubs  are  dis- 
tinguishable.    However,  examination  of  the  positive  overlays  with  a  topcon 
stereoscope  reveals  that  infrared  reflectance  is  subdued  and  detection  of 
stressed  individuals   is  less  apparent  or  even  undistinguishable.     The  infra- 
red reflectance  of  the  1:2400  photos  is  much  more     crisp  even  to  the  point 
where  a  portion  of  a  tree  that  is  stressed  is  detectable  (Figure  3.4-19,  also 
see  Figure  3.4-20). 

It  is  the  conclusion  of  this  years  evaluations  that  the  photography  at 
a  scale  of  approximately  1:2400  is  most  appropriate  for  monitoring  vegetation 
stress  on  the  White  River  Shale  Oil   tracts.     If  a  more  dense  vegetation  was 
present  on  the  oil   shale  tracts,  a  scale  of  1:6000  or  smaller  would  be  advan- 
tageous in  showing  overall   vegetation  stress.     Also,  due  to  the  sparsely  veg- 
etated land,  the  use  of  individual   plants,   rather  than  overall   vegetation 
types,  would  be  most  effective  in  monitoring  vegetation  changes  due  to  stress 
which  may  result  from  oil   shale  project  activities. 

The  results  of  the  current  years  studies  on  the  use  of  CIR  photography 
to  document  and  monitor  vegetation  stress  has  prompted  a  few  adjustments  to 
this  section  as  outlined  in  the  EMM.     Monitoring  manual   guidelines  dictate 
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Figure  3.4-17.     CIR  aerial  photograph  taken  at  a  scale  of  approximately 
1:2400.     Compare  with  Figure  3.4-18. 


3-80 


Figure  3.4-19.     CIR  aerial  photograph  of  a  partially  dead  juniper  tree. 
Compare  with  Fiqure  3.4-20  Man 
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Figure  3.4-20, 


Partially  decadent  juniper  tree.     Compare  with  Figure  3.4-19 
for  resDective  CIR  reflectance. 
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three  transects  to  be  photographed.     Two  at  a  scale  of  1:2000  and  one 
at  a  scale  of  1:6000.     The  third  transect  was  for  comparative  purposes  and 
need  not  be  photographed  after  year  one.     Two  transects,  one  in  a  NW-SE 
direction  in  the  direction  of  the  maximum  plume  discharge  from  the  retort 
will  be  photographed  in  following  years.     Both  transects  should  be  at  a 
scale  of  approximately  1:2400. 

Each  transect  will  extend  six  miles  from  the  proposed  plant  site  in 
each  direction.     For  example,  the  NW-SE  transect  would  be  a  total   length  of 
12  miles,  six  miles  from  the  plant  site  in  a  southeasterly  direction  and  six 
miles  in  a  NW  direction.     The  same  would  hold  for  the  NE-SW  transect.     The 
12  mile  transect  length  would,  therefore,   include  the  transects  established 
for  lichen  monitoring  of  air  quality  and  facilitate  correlation  of  the  two 
monitoring  techniques. 

The  initial  years  study  on  the  use  of  CIR  photography  to  monitor  plant 
stress  has  been  a  qualitative  evaluation  of  methodologies.     The  results,  al- 
though subjective,  are  positive.     Monitoring  plant  stress  with  CIR  photography 
in  subsequent  years  will   include  a  quantification  of  the  information  pre- 
sented.    Stressed  individuals  will   be  counted  on  a  per  unit  area  basis.     The 
quantified  1982  CIR  photography  will  be  used  with  the  following  years  data 
to  establish  a  standard  of  plant  stress  prior  to  retort  plant  start  up. 

3.4.8     Soil   Microbiology  and  Soil   Chemistry 

Sampling  for  soil   microbiology  and  chemistry  occurred  in  February,  April, 
June,  August,  and  October,  1982  along  transects  at  eight  sites  within  oil 
shale  tracts  Ua  and  Ub  (Figure  3.3-1).     In  August  and  October  additional 
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samples  were  taken  from  site  VR4  in  anticipation  of  losing  the  VR2  site  when 
the  White  River  Dam  is  completed.  Soils  were  collected  as  in  1981.  Table 
3.4-33  summarizes  the  1982  sampling  effort. 

All  samples  were  sieved  using  a  2  mm  screen  and  analyzed  for  moisture 
content,  pH,  EC,  organic  carbon,  total  bacteria,  total  fungi,  respiration, 
and  dehydrogenase  activity.  Methods  were  identical  to  those  described  in 
the  EMM,  1982.  Measures  of  moisture  content  and  microbiological  analyses 
were  performed  on  fresh  soils  within  a  week  of  collection.  The  pH,  EC,  and 
organic  carbon  assays  were  performed  on  air  dried  samples. 

Complete  sets  of  April  and  August  1982  soil  samples  were  oven  dried  and 
heat  sealed  in  plastic  bags.  These  will  be  used  as  reference  samples  for 
future  chemical  analyses  if  and  when  impacts  of  oil  shale  development  are 
suspected. 

3.4.8.1  Soil  Moisture  Content  Mean  soil  moisture  content  (all  sites, 
all  depths)  fluctuated  from  a  February  high  of  23.5  -  10.1%  to  a  June  low  of 
2.2  t   1.1%  (Table  3.4-33,  Figure  3.4-21).  During  summer  months,  moisture 
levels  were  generally  1-2%  higher  in  subsurface  (5-15  cm)  soils  than  in  sur- 
face soils  (0-5  cm).  In  winter  months,  surface  soils  generally  contained 
5-10%  more  moisture  than  subsurface  soils.  There  were  few  differences  in 
soil  moisture  content  between  sites  (Table  3.4-34).  Riparian  soils  were  gen- 
erally more  moist  than  upland  soils,  but  due  to  high  variability,  differences 
were  not  statistically  significant.  These  patterns  closely  paralleled  those 
found  in  1981,  although  1982  moisture  levels  were  generally  3-4%  higher  than 
those  recorded  in  the  previous  year. 
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Figure  3.4-21 . 


Monthly  mean  moisture  contents  for  0-5  cm  (0)  and  5-15  cm  (!) 
soils.     All  sites  are  included.     Results   for  1981   and  1982  are 
compared. 


40- 


30- 


O 


20- 


10- 


J    FMAMJJASONDJ    FMAMJJASOND 


1981 


1982 


3-85 


</« 

t. 

^^ 

01 

.«» 

A 

o 

o 

</) 

*J 

(J 

oo  O 

.,• 

o> 

4-* 

3 

Ifl 

«t 

u 

C 

0) 

4-1 

u 

>» 

IB 

L. 

C 

-a 

O 

^ 

u  -o 

OJ 

■fl 

a. 

u 

s= 

•«~ 

ifl 

ai 

vrt 

o 

l/l 

o 

fl 

Z 

A 

O  T 

L. 

a£ 

I—  r—  t/1 


•a  ■— 
c  on 


o 

4-1 

— -   Q. 

T3 


r^  ^-  r-  CM 

'^^  O  O 

■W     4H  +4+1 

ir>  vo  ^>  00 

vo 

•  ci 

r«.     .  m  e\j 

.—  vo  •     • 

4^    -H  O  O 

O  O  +1     4H 

vo  •— 

—  •—  oooo 


o  o 


o  o 


•  o 
o  • 
.—  ir> 

4-1      +1 

O  ro 


O  O 

♦I    +1 
O  ro 


W  00 

00  CO 

d  d 

O  00 

^_ 

—  o 

.  to 

CM  fn 

o    . 

d  d 

—  vn 

C30 

4-)        -H 

+1  +1 

+1     4H 

—  <J> 

r^  m 

.—  CM 

CM  •— 

00  00 

00  00 

d  d 

00  TT 

^^ 

o  o 

•  o 

CM  CO 

o     • 

•      • 

d  d 

—  vO 

oo 

*l     +1 

+t    +1 

<n  o 

CM  VO 

o«s- 

CM  CM 

O^  VO 

00  00 

d  d 

vO  00 

o> 

o  o 

•  o 

r-  CM 

d  d 

—  ui 

o  d 

+  1      ■*■! 

+(  +f 

CM  CO 

00  00 

'—  rn 

CM  f— 

a\  r^ 

00  CO 

d  d 

O  CM 

o 

^  r— 

•  CM 

r—  CM 

.       • 

o    . 

o  o 

—  vn 

d  C3 

+  1       4-) 

+1    +( 

o  o 

IT)  to 

»—  m 

CSJ  CM 

00  r^ 

00  00 

d  d 
o  rr 

^-^ 

CO  CM 

d  d 

r^  to 

do 

-1    +1 

*'    *l 

^  .T) 

r^  f^ 

O  *r 

CM  CM 

vo  I»« 

CO  00 

d  d 

00  CO 

m 

o  o 

•  <Ti 

—  CM 

d  d 

—  vfi 

d  d 

*■        4.1 

+t    ■*-( 

4-1       4-1 

o  vo 

«T>  <T> 

»—  m 

t-)  CM 

9«  tn 

• 

VOCM 

^ 

»—  ^^ 

dd 

4H        . 

+H     +4 

CM  CM 

00  rj\ 

to  00 

.     -H 

f—  CM 

VO 

^^  -- 

fn  in 

+t     +) 

—  CM 

44   1^ 

O  <T> 

4H     +1 

r^   44 

csi-^ 

CO 

•9  V 

PO  o 

>—  «• 

ro  O 

•  CO 

to  CO 

to     . 
—  O 

OO 

.—  CM 

■H     44 

+1    +1 

VO 

CM 

<3^  n 

^  <J» 

CM  00 

^» 

.—  o^ 

T«n 

+1  vo 

•     • 

i«»  n 

ro  ^«, 

4-1        +1 

to     4H 

>— O 

vo  CM 

^  CM 

VO  to 

t—  VO 

Ol  CO 

--  vo 

CMi» 

vo  'T 

d  d 

>—  <»■ 

+  1       4H 

•1     +1 

—  00 

<yi  o 

VO  CM 

CM  n 

to  to 

n  <— 

.       • 

— i   — ' 

rn  CM 

+1    ♦» 

• 

r-  <J> 

CM  — 

+1    +1 

OV  O 

CM  ^ 
^-  CM 

d  d 

vO  CM 


«J-  CM 


—  O        .-n  — 


<r  to 

^-  •— 
rt  to 
to  rs. 


«3-  CO 


Ol  CM 


o  o 

CM  CT> 


O  T< 

•^  d 


o  o 

«■  — 

CO  ^T 


m  • 


0^  f*^ 


to  to 
^  CO 


4..     I]. 

n   - 
—  CO 


vo 

-1  .a- 
00  -1 


vO 

-'  to 
r^  -■ 
—  CO 


~,  lO 

VO     -I 

<—  CO 


vo    - 


O  O  '-  — 


c 

>> 

c 

^ 

ns 

c 

CM 

OJ 

CO 

> 

a\ 

■^> 

en 

a 


lO 
to  .— 

to 
to  — 

vo 

to  — 

O  to 

O  to 

O  to 

c  o 


C7) 

^.^ 

o-  «- 

\ 

"^^ 

01 

i;  j: 

i. 

•«»^ 

3 

tj 

o 

=    S_ 

U- 

u- 

'3    U 

<_> 

a. 

^     o» 

M    4J 

3 

>, 

3> 

^  ■•- 

O 

_  ^ 

O      CM 

—  o 

= 

=  ~ 

"3 

1 

1 

o 

S. 

u 

u 

a; 

—    0) 

^-  '^ 

»-    — 

-3 

■yi 

■0    4-> 

T  :n 

=.  o 

>^ 

■o 

4J      U 

4->     c 

vO  ■— 

S 

O     TJ 

O    3 

i)    4J 

11 

u 

k—  ca 

a:  ^3 

Q 

^ 

3-86 


3.4.8.2  pH  and  EC  Soil  pH's  averaged  8.0  t  0.2  in  the  0-5  cm  zones  and 
8.3  t  0.2  in  the  5-15  cm  zones  of  soils  on  tract.  (These  values  are  geomet- 
ric means  for  all  1982  samples).  The  slightly  lower  values  of  the  surface 
soils  may  reflect  their  higher  organic  matter  contents.  There  were  no  sig- 
nificant differences  in  soil  pH  between  transects  or  sampling  dates  (Tables 
3.4-33,  34).  These  results  are  identical  to  those  measured  in  1981. 

Electrical  conductivities  of  the  soils  sampled  averaged  0.26  t   0.14 
mmhos/cm  (all  transects,  depths,  and  dates).  There  were  no  significant  dif- 
ferences in  EC  between  sampling  dates  or  sample  depths  (Table  3.4-33,  34). 
Soils  from  the  two  riparian  sites  (VR2  and  VR4)  had  the  highest  EC's,  pre- 
sumably reflecting  salt  accumulation  from  surface  evaporation.  These  re- 
sults are  similar  to  those  measured  in  1981  with  the  exception  that  this 
years  EC's  of  surface  soils  were,  in  average,  0.12  mmhos/cm  (30"0  lower  than 
in  the  previous  year.  This  shift  was  consistent  across  most  transects  and 
may  have  reflected  the  generally  higher  rainfall  (and  leaching  of  surface 
salts)  that  coincided  with  the  1982  sampling  dates. 

3.4.8.3  Organic  Carbon  Organic  carbon  contents  averaged  1.32  t  0.53% 
in  0-5  cm  soils  and  0.96  t   0.39%  in  5-15  cm  soils  on  the  White  River  tracts. 
These  levels  were  slightly  higher  than  those  measured  in  1981,  but  differ- 
ences between  years  were  not  statistically  significant.  The  annual  trend  in 
declining  organic  matter  that  was  noticed  last  year  did  not  appear  this  year 
(Table  3.4-33).  Variation  between  sites  was  similar,  however.  Again,  soils 
from  site  VSl  and  VR4  tended  to  have  higher  levels  of  organic  carbon  than 
soils  collected  at  other  sites  (Table  3.4-34). 
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3.4.8.4  Total  Fungi  Bacteria  Soil  bacteria  fluctuated  in  an  annual 
cycle  characterized  by  a  sharp  winter  peak  and  a  summer  low  (Figure  3.4-22a). 
In  1982,  counts  hit  a  maximum  of  89.0  t   63.7  x  10^  CFU/g  (all  sites,  all 
depths)  in  February  and  a  minimum  of  2.5  1  1.6  x  10  CFU/g  in  June.  Spring 
and  fall  values  fell  in  the  5-15  x  10^  CFU/g  range  (Table  3.4-33).  This 
cycle  replicates  nicely  the  values  obtained  for  1982  (Figure  3.4-22a),  Fac- 
tors governing  these  fluctuations  will  be  discussed  later.  On  the  average, 
bacterial  counts  for  subsurface  (5-15  cm)  soils  were  50%  lower  than  counts 
for  surface  (0-5  cm)  soils,  but  this  differenct  was  significant  only  for  the 
month  of  February.  Sample  variances  were  high  and  no  significant  differences 
in  bacterial  populations  between  sites  were  noted. 

Fungal  populations  on  0-5  cm  soils  showed  a  general  decline  from  50  m/g 
in  February  1982  to  about  30  m/g  in  August  and  October  (Figure  3.4-22b).  Sub- 
surface (5-15  cm)  populations  behaved  similarly  but  were  consistently  higher 
than  surface  populations  by  about  20-25%.  Few  differences  were  evident  be- 
tween transects,  but  the  sagebrush  (VSl  and  VS4)  and  juniper  (VJl  and  VJ5) 
sites  supported  generally  high  subsurface  populations  of  fungi. 

The  general  declines  in  fungal  numbers  with  time  is  a  trend  that  has 
continued  since  June  1981  when  the  fungal  measures  were  initiated  (Figure 
3.4-22b).  We  suspect  that  this  pattern  is  an  artifact  of  viewer  fatigue 
associated  with  the  epiflourescent  counting  method.  To  test  this  assumption, 
we  will  run  a  second  fungal  analysis  (plate  count)  in  parallel  with  the  direct 
counts  during  1983. 

3.4.8.5  Respiration  and  Dehydrogenase  Activities  Mean  rates  of  respira- 
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Figure  3.4-22.     Monthly  mean  total  bacteria  and  total   fungi   counts  for  0-5  cm 

(0)   and  5-15  cm  (•)  soils.     All   sites  are  included.     1981   and  1982 
130-|   results  are  compared. 
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tion  in  surface  soils  showed  an  annual  cycle  characterized  by  a  February 
high  of  11.5  t  1.7  meq  CO2  x  lO'Vg  *  hr.   and  a  June  low  of  1.9  t  1.8  meq 
CO2  X  10"Vg  *  hr.     Subsurface  soils  followed  a  similar  pattern  (Table  3.4- 
33,  Figure  3.4-23a).  There  were  no  significant  differences  in  soil   respira- 
tion between  sampling  depths  or  transects. 

While  respiration  values  for  1981  also  showed  an  annual   cycle  of  winter 
highs  and  summer  lows,  data  for  that  year  was  approximately  10-fold  higher 
in  magnitude  than  that  recorded  of  1982.     Respiration  assays  in  1981  were 
performed  by  a  laboratory  at  USD.     Techniques  were  similar  to  those  used 
this  year,  but  we  have  subsequently  learned  that  samples  were  typically 
stored  for  4-6  weeks  prior  to  analysis.     We  suspect  this  "incubation"  period 
may  account  for  the  high  respiration  results  recorded  for  1981. 

Dehydrogenase  activities  in  the  soil   sampled  showed  an  annual   cycle 
in  1982  that  was  opposite  in  timing  to  those  of  most  other  characteristics. 
Mean  values  (all   transects,  all   depths)  hit  a  minimum  in  February  of  8  t  8  mg 
formazan/liter  and  a  maximum  in  June  of  19^7  mg  formazan/ liter  (Table  3.4-33). 
Soils  from  the  two  depth  intervals  behaved  similarly,  although  surface  mater- 
ials consistently  showed  almost  twice  the  dehydrogenase  activity  of  subsurface 
materials  (Figure  3.4-23b).     There  were  no  consistent  differences  between 
transects  for  this  parameter  (Table  3.4-34). 

Dehydrogenase  activities  for  1981   and  1982  were  similar  in  magnitude, 
but  annual   patterns  differed  between  years  (Figure  3.4-23).     In  1981   the 
annual   high  was  reached  in  December.     Continued  sampling  should  reveal   the 
presence  or  absence  of  repeating  annual   cycles. 
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Figure  3.4-23    Monthly  mean  respiration  and  dehydrogenase  activities  for  0-5  cm  (0)  and 
5-15  cm  (0)  soils.   All   sites  are  included.     1981   and  1982  results  are 
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3.4.8.6  Correlation  between  chemical  and  microbiological  factors 

Correlation  coefficients  linking  the  eight  variables  measured  for  White 
River  soils  are  given  in  Table  3.4-35.  This  analysis  includes  all  samples 
collected  during  1982.  Only  relationships  for  which  o  _<  0.01  are  listed. 

Correlation  coefficients  among  chemical  parameters  mirror  the  relation- 
ships found  in  1981.  Again,  the  finer  textured  soils,  with  generally  higher 
moisture  contents,  tended  to  have  lower  pH's,  higher  EC's  and  higher  organic 
carbon  contents  (see  1981  final  report). 

Coefficients  linking  chemical  and  microbiological  properties  showed  the 
following: 

1.  As  expected,  high  bacterial  counts  and  microbial  respiration  levels 
were  associated  with  relatively  moist  soils.  Water  stress  typically 
limits  microbial  growth  activity  in  arid  areas  (Knight,  1978).  De- 
hydrogenase activity,  however,  showed  the  opposite  relationship. 

2.  Bacterial  numbers  and  activities  tend  to  be  positively  correlated 
with  organic  matter  content  and  negatively  correlated  with  pH. 
That  is,  the  more  acid  soils,  rich  in  organic  matter,  tend  to  sup- 
port larger  and  more  active  microbial  populations.  Again,  this 
result  is  expected.  Soil  organic  matter  is  the  primary  energy 
source  for  microbial  populations  and  as  already  mentioned,  soil 
acidity  can  be  generated  through  organic  matter  decomposition. 

3.  Fungal  counts  were,  in  general,  not  correlated  with  soil  chemical 
characteristics. 

Correlations  among  microbiological  parameters  indicated  a  strong  positive 
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relationship  between  bacterial  counts  and  respiration,  a  weak  (but  signifi- 
cant) positive  relationship  between  fungal  counts  and  respiration,  and  a 
negative  association  between  respiration  and  dehydrogenase. 

In  general,  the  coefficients  given  in  Table  3.4-35  are  low  {t   0.2-0.5), 
but  this  is  not  surprising  given  that  all  sampling  periods,  sites,  and  depth 
intervals  are  included.  As  in  1981,  correlation  coefficients  for  soils 
collected  from  a  given  depth  on  a  given  date  were  generally  higher  {t  0.4- 
0.6)  but  the  significance  ratings  were  not  different. 

Most  1982  results  are  statistically  identical  in  magnitude  to  results 
obtained  in  1981.  Repeating  annual  cycles  in  soil  moisture,  bacterial 
counts,  and  respiration  are  beginning  to  appear.  Most  parameters  being  mea- 
sured are  significantly  correlated  with  one  another,  and  most  of  the  correla- 
tions make  biological  sense.  This  is  evidence  that  a  coherent  package  of 
variables  have  been  chosen  and  that  our  measurement  techniques  are  sound. 
As  WRSP  data  is  compared  with  those  of  others,  it  is  expected  that  signifi- 
cant cause  and  effect  relationships  linking  soils  with  vegetation  and  wild- 
life will  appear. 
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AQUATIC    BIOLOGY 


4.0.   AQUATIC  BIOLOGY 

4.1.   INTRODUCTION 

An  aquatic  biology  baseline  investigation  was  conducted  in  the  White 
River  and  Evacuation  Creek  adjacent  to  Tracts  Ua  and  Ub  by  VTN  Consolidated 
during  the  period  April,  1975  through  August,  1976.  In  this  program,  data 
was  collected  for  fish,  macroinvertebrates,  periphyton,  and  phytoplankton. 
This  data  will  be  discussed  in  this  report  in  relation  to  on-going  efforts. 
The  aquatic  biology  baseline  program  was  suspended  in  1976  for  an  interim 
period  lasting  until  1981. 

In  April,  1981  the  aquatic  biology  program  was  reestablished  in. 
anticipation  of  further  project  development.  The  objectives  of  the  1981 
program  were  to  reestablish  the  baseline  and  begin  developing  an  effective 
long-term  monitoring  program.  These  objectives  are  discussed  in  more  detail 
in  Section  4.3  Program  Description.  The  1981-82  aquatic  biology  monitoring 
program  for  WRSP  was  under  the  direction  of  Ecosystem  Research  Institute  of 
Logan,  Utah. 

The  1982  program,  the  results  of  which  are  discussed  in  this  report,  was 
a  continuation  of  1981  efforts  through  August,  1982.  At  that  time  some 
program  changes  were  instituted  as  recommended  in  the  1981  final  report  (ERl 
1982).  The  major  change  was  the  elimination  of  regular  sampling  in 
Evacuation  Creek  and  the  pool  transects  in  the  White  River. 

In  anticipation  of  construction  of  the  White  River  Dam,  which  will 
destroy  the  present  on-tract  riffle  transect  (WR18)  and  inundate  the  upstream 
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riffle  transect  {WR03),  a  search  was  begun  for  more  appropriate  long-term 
sampling  locations.  Une  potential  riffle  transect  was  located  and  surveyed 
at  Cowboy  Canyon,  upstream  of  the  tracts.  No  downstream  site  was  sampled. 

A  special  study  was  instituted  during  1982  to  document  the  status  of 
important  metals  in  the  White  River  system  and  their  significance  to  the 
biota.  The  initial  findings  of  this  study  are  described  in  the  final  section 
of  this  report.  The  remaining  data  will  be  presented  in  quarterly  reports 
and  in  the  1983  final  report. 

During  1982,  the  Environmental  Monitoring  Manual  (EMM)  for  Tracts  Ua  and 
Ub  was  published  (WRSOC  1982).  This  document  established  criteria  for 
monitoring  all  disciplines,  including  aquatic  biology.  The  program 
established  in  the  EMM  is  described  in  greater  detail  in  Section  4.3.  One  of 
the  dominant  requirements  of  the  EMM  was  the  establishment  in  all  disciplines 
of  a  detailed  quality  control  program.  This  program  was  instituted  for 
aquatic  biology  during  1982  and  the  initial  results  are  presented  in  Section 
4.3,  Laboratory  certification  procedures  were  begun  to  meet  the  requirements 
of  the  State  of  Utah  Department  of  Health  and  the  U.  S.  Environmental 
Protection  Agency  for  certain  chemical  and  biological  parameters.  The 
standards  have  been  met  and  certification  has  been  obtained. 

As  stated,  the  EMM  directs  the  program,  establishing  parameters, 
methods,  and  sampling  frequency.   It  is  expected  that  the  aquatic  biology 
program  will  continue  to  evolve  through  1983.  Efforts  during  the  coming  year 
will  be  concentrated  on  reducing  sample  variability  to  assure  better 
confidence  for  impact  detection  in  the  future.  At  the  close  of  1983, 
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adequate  descriptive  data  on  both  structural  and  functional  parameters  will 
have  been  collected  to  allow  further  program  refinement  and  cost  savings. 
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4.2.   SUMMARY 

Completion  of  the  1982  Aquatic  Biology  Monitoring  Program  has  resulted 
in  greater  understa^nding  of  the  White  River  Ecosystem  and  the  processes 
occurring  therein.  This  greater  understanding  has  led  to  program  refinement 
based  upon  quantitative  expression  of  the  results  of  data  collection  during 
1981  and  1982.  Data  collection  and  experiments  designed  for  1983  will  have 
two  major  outputs.  First,  quantitative  ecosystem  relationships  may  begin  to 
be  developed.  Second,  innovative  techniques  such  as  P/R  and  leafpack 
decomposition  should  become  operational  parameters,  as  the  difficulties  with 
technique  are  overcome. 

During  1982,  the  dominance  of  the  biology  of  the  White  River  by.  physical 
factors  was  more  evident  than  in  1981.  The  impact  of  physical  forces  was 
accentuated  by  comparison  of  1982  data  with  1981  data.   In  1982,  biological 
production  was  very  low  when  compared  to  1981  which  was  a  highly  productive 
year. 

The  physical  factor  of  overriding  importance  to  the  biology  of  the 
system  was  discharge.  Discharge  levels  in  1982  were  higher  than  in  1981.  As 
a  result,  total  suspended  solids  were  higher  and  light  penetration  reduced. 
In  addition,  some  transects  (WR20  and  WR27)  were  greatly  modified  by  high 
upper  basin  runoff  in  the  summer  of  1982  while  the  remainder  appeared  stable. 

The  water  chemistry  of  the  river  was  changed  as  a  result  of  the 
difference  in  hydrologic  regime.  Nutrients,  particularly  the  forms  of 
phosphorous,  were  altered,  with  1982  levels  in  excess  of  1981.  Inorganic 
nitrogen  did  not  follow  the  same  pattern  and  appeared  lower  in  1982  with  the 
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exception  of  the  late  July  sample  period  which  relects  results  of  a  storm  in 
the  drainage  basin. 

The  biology  of  the  system  reflected  these  physical  environmental 
factors.  Benthic  organic  matter  (CPOM)  was  elevated  due  to  the  discharge 
related  al lochthonous  inputs  of  terrestrial  organics  from  the  watershed. 

The  periphyton  biomass  was  lower  in  1982  than  in  1981.  This  reflected 
the  scouring  by  suspended  sediment  and  reduced  light  penetration.  Eventhough 
more  nutrients  were  available  in  1982  than  1981,  production  of  algae  was 
lower  due  to  these  physical  factors.  Periphyton  biomass  as  chlorophyll  a_  for 
the  three  riffle  transects  (WR03,  18,  27)  was  not  significantly  different  by 
ANUVA. 

Macroinvertebrate  species  richness  followed  a  consistent  pattern  during 
1981  and  1982  with  highest  richness  during  the  summer  and  lowest  during 
winter.  Transect  WR27  was  erratic  when  compared  to  WR03  and  WR18.  Patterns 
in  1982  appeared  more  variable  probably  due  to  physical  habitat  disruption 
related  to  discharge  events. 

Macroinvertebrate  numbers  and  biomass  followed  a  similar  pattern  as 
periphyton  biomass  with  peaks  occurring  during  low  discharge  and  high  light 
periods  during  1981.  This  indicated  that  similar  environmental  conditions 
and  partial  dependence  upon  a  periphytic  food  base  were  important  factors. 
Numbers  and  biomass  were  lower  during  1982  reflecting  a  more  harsh  physical 
environment  and  lowered  primary  production.  Transect  WR27  was  significantly 
lower  in  numbers  and  biomass  than  WR03  and  WR18  reflecting  the  instability  of 
this  transect. 
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Data  collected  during  1975-1976  in  the  baseline  investigation  conducted 
by  VTN  indicated  that  periphyton  biomass  as  chlorophyll  £  occurring  in  riffle 
areas  varied  from  a  high  of  37.1  mg/m^   to  0.0  mg/m  .  Most  values  were  lower 
than  i?.6  mg/m^  indicating  much  lower  periphyton  standing  crops  than  found 
during  1981  and  1982  when  values  or  transects  varied  from  a  low  near  3  mg/m*- 
to  a  high  of  near  115  mg/m*^. 

Macroinvertebrate  data  collected  in  September,  1975  and  August,  1976 
indicated  average  densities  of  1547  and  2648  individuals/m^.  Data  from  1981 
was  comparable  for  the  sane  time  periods  with  maxima  near  2700  individuals/m*^ 
while  1982  invertebrate  density  was  low  (approximately  100  individual  s/m'^). 

A  more  detailed  synthesis  of  the  1975,  1976  aquatic  biology  baseline 
data  awaits  the  completion  of  taxonomic  verification  on  1981  and  1982 
periphyton  and  macroinvertebrate  data.  These  results  and  comparisons  will  be 
presented  in  quarterly  reports  and  the  1983  final  report. 

Decomposition  rate  as  measured  by  leafpacks  continued  to  show  a 
consistent  rate  with  degree  days.  Problems  with  silting  and  anerobic 
conditions  which  developed  within  the  leafpacks  caused  a  loss  of  some  1982 
data.  These  problems  will  be  corrected  with  technique  modifications  during 
1983. 

An  investigation  of  the  role  of  metals  in  the  White  River  ecosystem  was 
begun  in  1982.  Metal  levels  in  the  White  River  biota  were  found  to  be 
elevated  above  those  found  in  the  literature  for  other  river  systems  except 
for  those  with  high  industrial  pollution.  The  input  from  Evacuation  Creek 
and  proximity  to  oil  shale  and  marlstones  of  the  Green  River  formation  are 
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probable  leading  causes. 

As  a  result  of  the  1982  program,  one  program  change  appears  to  be 
necessary.  Transect  WR27,  the  downstream  riffle  transect,  was  found  to  be 
relatively  unstable  with  a  shift  in  channel  occurring  during  upper  basin 
runoff.  This  channel  migration  will  continue  to  occur  and  maintain  the 
instability  of  this  transect.  It  is  recommended,  therefore,  that  a  new  more 
stable  riffle  transect  near  WR27  be  located  during  1983.  Other  anticipated 
program  changes  as  a  result  of  1983  data  collection  will  be  refinements  in 
technique  to  reduce  sample  variability.  Future  anticipated  major  changes 
will  occur  in  conjunction  with  the  construction  of  the  proposed  White  River 
Dam.  These  will  be  developed  for  inclusion  in  the  1983  final  report. 
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4.3.   PROGRAM  DESCRIPTION 

When  the  aquatic  biology  program  was  reinstituted  on  the  White  River  and 
Evacuation  Creek  in  1981,  the  program  objectives  were  fivefold: 

•  To  characterize  the  White  River  and  Evacuation  Creek  habitats  in 
order  to  develop  the  most  appropriate  sampling  sites  for  monitoring. 

•  Gather  ecosystem  -  level  data  which  would  be  important  in  tracing  the 
fate  and  consequences  of  introduced  foreign  substances. 

•  To  develop  appropriate  techniques  which  can  be  utilized  effi-ciently 
in  a  long-term  monitoring  program. 

•  Determine  those  ecosystem  parameters  which  have  the  greatest 
importance  for  long-term  monitoring  and  the  assessment  of  impacts. 

•  Develop  statistically  significant  interrelationships  between  aquatic 
and  other  ecosystems  (as  well  as  within  the  aquatic  ecosystem). 

These  objectives  provided  program  guidance  until  sufficient  data  was 
collected  in  order  to  determine  the  most  appropriate  sampling  locations, 
parameters,  and  techniques  for  long  term  monitoring  and  assessment  of 
impacts.  This  was  partially  accomplished  during  1982  with  the  completion  of 
one  full  year  of  data  collection. 
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The  Environmental  Monitoring  Manual  (EMM)  established  this  long-term 
program  in  its  initial  form.  Long-term  sample  sites  were  delineated  at  six 
transects  in  the  White  River.  These  were  riffle  transects  WR03,  18,  27  and 
pool  transects  WR05,  20,  29.  Sampling  in  Evacuation  Creek  was  discontinued 
because  project  impacts  were  not  anticipated  to  occur  within  this  stream. 
See  Figure  4.3-1  for  sample  locations. 


Figure  /f.3-1   Aquatic  biology  monitoring  locations  In  the  White 
River  during  198l  and  1982.   Transects  WR03,  WRI8,  and  WR27 
are  riffles  and  WR05,  WR20,  and  WR29  are  pools. 


Subsequent  to  the  publication  of  the  EMM  the  recommendation  was  made  to 
WRSOC  to  drop  the  pool  transects.  This  was  due  to  the  high  variability  and 
low  information  value  of  these  very   unstable  and  biologically  unproductive 
habitats  as  compared  to  the  riffle  transects.  This  change  was  approved  and 
is  presently  in  effect.  Efforts  during  1983  will  be  focused  on  continuing 
data  collection  at  these  riffle  transects  and,  through  experimentation, 
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refining  sampling  regimes  and  techniques  to  reduce  data  variability  for 
better  confidence  in  impact  detection. 

The  EMM  required  that  sampling  on  transects  WR18  and  WR20  occur  monthly 
and  the  remaining  transects  be  sampled  quarterly.  In  conjunction  with 
discontinuing  the  pool  transects  and  with  the  "control -treatment"  design 
required  by  the  EMM  for  impact  detection  it  was  recommended  that  all  riffle 
transects  be  surveyed  monthly  to  provide  a  stronger  data  base  for  these 
statistical  comparisons. 

The  EMM  delineated  three  levels  of  monitoring  parameters;  operational, 
potential,  and  contingency.  These  parameters  were  described  based  upon  nine 
months  of  data  collection  during  1981.  It  is  expected  that  at  the  end  of 
1983,  changes  in  these  categories  will  occur,  with  some  potential  parameters 
becoming  operational  and  others  being  moved  into  the  contingent  category. 
The  completion  of  data  analysis  for  the  heavy  metals  study  performed  during 
1982  should  provide  the  data  base  necessary  for  future  impact  evaluations  in 
this  area. 

Continuing  development  of  production-respiration  (P/R),  and 
decomposition  technology  was  carried  on  through  1982.  Designs  are  presently 
being  completed  for  the  third  generation  P/R  chambers  and  substrates.  A 
completely  redesigned  system  will  be  in  operation  by  mid-1983.  It  is  felt 
that  future  monitoring  will  rely  heavily  on  these  community-level  or 
ecosystem  parameters  and  this  further  refinement  during  1983  will  firmly 
establish  these  parameters  as  cost-efficient,  "real-time"  biological 
monitoring  parameters. 
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The  long-term  program  described  in  the  EMM  had  three  major  objectives: 

•  To  gather  data  which  describes  the  aquatic  ecosystem  in  sufficient 
detail  to  allow  assessment  of  natural  or  project-related  change. 

•  To  organize  data  collection  and  analysis  using  a  conceptual  view  of 
the  ecosystem  to  determine  the  cause  or  pathway  of  these  changes. 

•  To  assess  the  effectiveness  of  mitigation  and  reclamation  measures. 

The  data  collected  in  1981  and  1982  has  allowed  program  refinement  to 
proceed  to  the  point  that  the  assessment  required  by  objective  (A)  was 
possible.  That  data  coupled  with  the  1983  program  will  allow  the  initial 
development  of  a  statistical  model  of  ecosystem  relationships  which  will  aid 
in  tracing  impact  pathways  and  assessing  mitigation  or  reclamation  measures. 
The  attempt  to  construct  these  relationships  will  also  aid  in  delineating 
program  weaknesses  which  should  be  strengthened  to  allow  impact  detection  and 
pathway  analysis  to  proceed  effectively.  The  data  management  and  analysis 
program  to  be  directed  by  ERI  will  lead  to  similar  model  development  for  all 
other  WRSP  environmental  monitoring  disciplines. 

Another  program  objective  required  by  the  EMM  was  that  each 
environmental  discipline  place  into  effect  a  quality  assurance/quality 
control  program  to  assure  that  data  be  complete,  accurate,  precise,  and 
reliable.   In  the  aquatic  biology  discipline,  during  1982,  these  procedures 
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were  implemented.  All  samples  were  logged  into  a  master  log  book  as  required 
by  the  EMM.  Other  than  standard  instrument  calibration,  sample  collection, 
and  preservation  procedures,  quality  control  checks  on  chemical  and 
biological  analyses  were  instituted  as  required  by  the  EMM.  Specific 
examples  follow. 

One  area  of  possible  error  once  field  samples  arrived  at  the  laboratory 
was  in  the  area  of  invertebrate  sample  processing.  Most  of  these  samples  had 
a  large  amount  of  organic  debris  and  silt  present  and  the  separation  of  the 
invertebrates  from  this  matrix  required  hand  picking.  Quality  control 
measures  for  this  process  included  randomly  selecting  samples  which  had 
already  been  picked  and  carefully  repicking  them.  The  invertebrates'  in  the 
repicked  sample  were  then  identified,  counted,  and  measured.  Calculations 
were  then  performed  to  determine  percent  recovery  of  invertebrate  numbers  and 
biomass  in  the  original  sample  as  compared  to  the  total  of  original  plus 
repicked  sample.  Of  total  numbers  present  79.1  _+  3.5  (s.e.)  percent  were 
recovered  during  normal  sample  processing  (single  picking).  This  represented 
87.0  _+  7.0  (s.e.)  percent  of  total  biomass.  The  goal  of  this  program  is  to 
recover  85%  of  numbers  which  normally  represents  95%  of  biomass  based  on 
information  generated  to  date. 

It  should  be  noted  that  these  lower  numbers  were  a  result  of  two  samples 
which  had  small  numbers  of  invertebrates  present  so  that  missing  a  few 
individuals  caused  low  percentages.  In  the  majority  of  samples, 
approximately  98%  of  biomass  was  recovered. 
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To  increase  effectiveness  of  processing  and  achieve  these  goals,  a  Rose 
Bengal  dye  which  differentially  stains  chitin  in  invertebrate  exoskeletons  is 
added  to  the  samples  prior  to  processing.  This  change  in  technique  will  be 
evaluated  during  the  next  quality  control  run. 

Macroinvertebrate  taxonomy  is  presently  being  verified  by  Dr.  Wilfred 
Hansen,  curator  of  the  Insect  Collection  at  Utah  State  University  and  a  noted 
aquatic  entomologist.  He  is  evaluating  the  present  White  River  reference 
collection  and  documenting  any  misidentifications  to  the  level  of  genus. 

In  the  area  of  water  quality  analysis,  quality  control  standards  were 
run  for  all  analyses  as  part  of  the  procedure  for  laboratory  certification. 
Standards  were  obtained  from  EPA  and  the  State  of  Utah  Department  of-  Health. 
Results  from  analyses  of  EPA  samples  are  shown  in  Tables  4.3-1,  4.3-2,  and 
^.3-3.  All  White  River  parameters  fell  within  the  95%  C.I.  Sample  results 
for  State  of  Utah  standards  were  submitted  to  the  State  of  Utah  and  the  ERI 
water  quality  laboratory  was  granted  certification. 

As  part  of  the  ongoing  quality  control  program  required  by  the  EMM  these 
audit  samples  will  continue  to  be  run  quarterly  for  internal  quality  control. 
On  an  annual  basis,  samples  will  be  obtained  from  EPA  and  the  State  of  Utah 
as  part  of  the  ongoing  requirements  for  certification.  Results  of  these 
analyses  will  be  reported  to  those  agencies  for  evaluation.  All  other 
quality  control  checks  such  as  "spiked"  samples  will  be  run  as  part  of  normal 
laboratory  procedure.  Computer  software  is  being  developed  to  document 
precision  and  accuracy  for  all  tests  and  monitor  data  generated  for  these 
tests  for  changes  in  precision  and  accuracy. 
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Table  A.3-I    Comparison  of  ERI  values  '■for  mineral  analyses  with 
true  values  for  audit  samples  provided  by  the  U.S. 
Environmental  Protection  Agency.   The  mean  recovery 
(x)  and  the  standard  deviation  (s)  are  listed  with 
the  true  value  and  the  95%  confidence  interval. 


EPA 

True 

ERI 

Parameter 

Sample 

Value 

X 

s 

95%  C.I. 

Value 

3 

7. A 

7. A 

0.1^ 

7.1-7.7 

7.5 

PH 

k 

8.6 

8.7 

0.15 

8.A-9.O 

8.5 

Specific 

Conductance 

3 

125 

123 

7.9 

107-139 

110 

(umhos  @  25°C) 

A 

^79 

^78 

25.5 

i*27-529 

^39 

Total 

Hardness 

3 

26.6 

26. A 

2.2 

22.0-30.8 

23.8 

(mg/1  CaC03) 

k 

109 

108 

3.5 

101-115 

106 

Calcium 

3 

6.7 

6.7 

0.6 

5.5-7.9 

7.^ 

(mg/1) 

k 

32.0 

31.7 

1.5 

28.7-3^.7 

33.9 

Total 

Al kal ini  ty 

3 

16.0 

16.1 

1.5 

13.1-19.1 

17.0 

(mg/1  CaC03) 

k 

73.7 

73.6 

1.9 

69.8-77.^ 

72.0 

Sulfate 

3 

12.0 

11.7 

1.3 

9.I-U.3 

10.0 

(mg/1) 

k 

75.0 

73.5 

A. 5 

6A.5-82.5 

Sk.O 

k--m 


Table  h.'^-l      Comparison  of  ERI  values  for  nutrient  analyses  with 
true  values  for  audit  samples  provided  by  the  U.  S. 
Environmental  Protection  Agency.   The  mean  recovery 
(x)  and  the  standard  deviation  (s)  are  listed  with 
the  true  value  and  the  95%  confidence  interval. 


Parameter 

EPA 
Sample 

True 
Value 

X 

s 

35%   CI. 

ERI 
Value 

Ammon la-N 
(mg/1) 

1 
2 

0.15 
1.52 

0.15 
1.52 

0.02 
0.09 

0.11-0.19 
1.34-1.70 

0.15 
1.42 

Nitrate-N 
(mg/1) 

1 
2 

0.18 
1.61 

0.18 
1.60 

0.02 
0.08 

0.14-0.22 
1.44-1.76 

0.22 
1.60 

Orthophosphate-P 
(mg/1) 

1 
2 

0.04 
0.27 

0.04 
0.27 

0.01 
0.01 

0.02-0.06 
0.25-0.29 

0.03 
0.26 

Total -P 
(mg/1) 

5 
6 

O.IA 
I.OA 

0.15 
1.06 

0.05 
0.06 

0.05-0.25 
0.94-1.18 

0.13 
1.06 

Table  4.3-3   Comparison  of  ERI  values  for  residue  analyses,  total 
suspended  and  dissolved  solids,  with  mean  recovery 
values  (x)  for  audit  samples  provided  by  the  U.  S. 
Environmental  Protection  Agency.   The  standard  devia- 
tion (s)  is  listed  with  the  35%   confidence  interval. 


Parimeter 

EPA 
Sample 

X 

s 

95^  C.I. 

ERI 
Value 

Total  Suspended 

Solids 

(mg/1) 

1 
2 
3 

29.1 
156 
534 

2.4 

6.7 
21 

24.3-33.9 
143  -  169 
492  -  576 

30.8 
161 
569 

Total  Dissolved 

Sol  ids 

(mg/1) 

1 
2 
3 

456 
300 
167 

18 
20 
24 

420-492 
260-  340 
119-  215 

435 
292 
153 
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4.4.   PROGRAM  RESULTS  AND  ANALYSIS 

4.4.1.  The  Physical  Environment.  Aquatic  biology  data  collected  during 
1982  indicated  that  the  White  River  in  the  study  section  was  different  from 
1981.  The  physical  environment  within  which  the  biota  must  exist  was  the 
dominant  cause  of  this  observed  change.  A  characterization  of  sample  sites 
and  the  dominant  physical  factors  affecting  stream  biology  follows. 

4.4.1.1.   Discharge.  The  dominant  physical  force  operating  on  the 
channel  morphology  of  most,  if  not  all,  streams  is  discharge.  Discharge 
interacts  with  channel  width  to  control  channel  erosion  and  deposition  and 
sediment  transport,  thereby  controlling  the  distribution  and  quality  of 
habitats  (Andrews  1982).  Daily  discharge  values  recorded  by  VTN  during  the 
period  October  1980  until  October  1982  are   shown  in  Figure  4.4-1. 

During  1982,  discharge  volume  was  generally  of  greater  magnitude  than  in 
1981.  This  general  increase  was  due  to  changes  in  three  major  hydrologic 
components:  lower  basin  runoff,  upper  basin  runoff,  and  storm  frequency  and 
duration. 

Lower  basin  runoff  in  1982  had  two  major  peaks  in  February  and  May  as 
compared  to  a  single  peak  in  May,  1981.  Upper  basin  runoff  in  1982  peaked  at 
2500  cfs  in  May  and  endured  until  the  end  of  July.  In  1981,  the  peak 
occurred  in  June  at  1700  cfs  and  only  endured  from  early  June  until  late 
June.  During  the  summer  of  1982,  storm  events  were  frequent  as  indicated  by 
the  large  number  of  high  flow  pulses  seen  during  July,  August,  and  September. 
Storms  were  also  frequent  during  the  summer  of  1981  but  were  not  of  the 
magnitude  observed  during  1982. 
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Figure  k.k-]      Discharge  values  reported  by  VTN  for  the 
White  River  below  Asphalt  Wash  (near  Southam  Canyon) 
during  1981  and  1982. 


These  hydrologic  events  combined  to  alter  habitats  in  1982  as  compared 
to  1981.  The  chemical  and  physical  characteristics  of  the  water  were 
different  in  1982  due  to  these  same  events. 

4.4.1.2.  Transect  Characteristics.  The  mean  physical  characteristics 
of  White  River  riffle  transects  WR03,  WR18,  WR27  and  pool  transects  WR05, 
WR20,  WR29  are  summarized  for  1981  and  1982  in  Table  4.4-1.  This  table 
illustrates  the  differences  between  pools  and  riffles  as  well  as  the 
differences  between  years.  Particularly,  the  effects  of  increased  annual 
discharge  were  evident  in  the  1982  data. 

During  both  years,  the  riffle  transects  were  wider,  shallower,  and  had 
greater  velocities  than  the  pools.  The  greater  velocities  coupled  with 
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Table  ^.A-1   Mean  physical  characteristics  of  White  River  transects 

during  1981  and  1982.   Means  calculated  from  total  of  all 
data  collected  along  each  transect  during  each  year. 


Riffles 


WR03  1981 

WRI8  1981 

WR27  1981 

WR03  1982 

WR18  1982 

WR27  1982 


Pools 


Jidth 
(m) 

Depth 
(cm) 

Max 

Depth 
(cm) 

Velocity 
(cm/s) 

Max 

Velocity 
(cm/s) 

38.5 

AO.I 
41.2 

25.1 
31.0 
32.3 

55.8 
59.5 
79.7 

57.5 
63. k 
69.6 

109.0 
141  .9 
127.8 

45.9 
45.6 
39.3 

32.1 
kk.3 
A8.1 

68.2 

79.8 

110.8 

63.6 
82.0 
72. J4 

122.7 
U5.I 
125. A 

35.7 
25.5 
29.7 

37.1 
52. A 
k6.h 

68.8 

89.8 

IO't.3 

A6.0 
50.9 
A5.1 

78.5 
83.0 
85.2 

39. A 
29.6 
36.8 

AI.3 
59.1 
68.6 

75.3 
111.0 
1A2.0 

7A.3 
6A.3 
Si*. 5 

IIA.3 

105.8 

96.0 

WR05  1981 

WR20  1981 

WR29  1981 

WRO5  1982 

WR20  1982 

WR29  1982 


Potential  control  riffle  transect  upstream  of  tracts  at  Cowboy  Canyon  - 
single  survey  820831 

WROO      1982        38.2      3A.5      58.0      83.9       165.0 

Percent  in  Substrate  Class 
BO      CO      RU      GR      £A      SI      CL 

Riffles 


Pools 


WR03 

WR18 
WR27 

1981 
1981 
1981 

WR03 
WRI8 
WR27 

1982 
1982 
1982 

s 

WR05 
WR20 
WR29 

1981 
1981 
1981 

WR05 
WR20 
WR29 

1982 
1982 
1982 

38.2 

29.8 

7.0 

0.7 

A. 6 

16.1 

3.6 

A2.6 

31. A 

20.1 

5.0 

0.0 

0.5 

0.5 

9.8 

5A.A 

13.5 

8.6 

3.0 

3.5 

0.0 

40.2 

25.2 

13.7 

10.2 

A. 8 

6.0 

0.0 

19.1 

22.6 

25.6 

12.8 

7.1 

12.8 

0.0 

9.2 

22.3 

25.3 

11. A 

12.7 

19.0 

0.0 

20. A 

11.7 

21.5 

16.3 

17.5 

12.8 

0.0 

0.0 

3.7 

15.2 

15.2 

A0.9 

2A.1 

0.8 

23. A 

1A.8 

2.3 

0.0 

28.7 

23.5 

7.2 

22.5 

21.1 

22.1 

11.9 

15.5 

6.9 

0.0 

A. 3 

1.7 

8.2 

15.7 

A8.6 

21.6 

0.0 

7.3 

19.7 

13.5 

13.5 

30.5 

15.5 

0.0 

Potential  control  riffle  transect  upstream  of  tracts  at  Cowboy  Canyon  - 
single  survey  820831 

W^OO      1982       68.1     5.5    10.2     0.0     0.0     16.2 


0.0 


BO  -  Boulder 
CO  -  Cobble 
RU  -  Rubble 
GR  -  Gravel 
SA  -  Sand 
SI  -  Silt 
CL  -  Clay 
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greater  turbulence  which  occurred  on  the  riffle  transects  (Figure  4.4-2) 
resulted  in  elimination  of  smaller  substrate  sizes  and  dominance  by  the 
larger,  more  stable  substrates. 

Greater  discharge  in  1982  led  to  changes  in  both  pools  and  riffles  when 
compared  to  1981.  Both  habitat  types  were  wider  and  had  increased  depth  and 
velocity.  No  apparent  shifts  in  substrate  dominance  occurred  in  transect 
WR03  and  the  pool  transects.  WR18  experienced  a  shift  to  the  intermediate 
sizes  of  substrate  (CO,  RU,  GR)  from  BO,  CO,  RU  in  1981.  WR27  became  more 
evenly  divided  among  intermediate  and  small  substrates  (CO,  RU,  GR,  SA,  SI) 
from  dominance  by  CO  during  1981. 

Interstitial  sediment  size  fraction  data  taken  from  five  sediment  cores 
along  each  transect  during  1981  and  1982  is  presented  in  Figure  4.4-3. 
Riffle  transects,  in  general,  had  a  uniform  distribution  among  the  size 
fractions  with  the  larger  size  fractions  dominating.  Pools,  in  general,  had 
the  opposite  trend,  being  dominated  by  smaller  sediment  fractions.  There 
were  exceptions  to  these  trends,  however. 

Transect  WR03  experienced  two  periods  of  dominance  by  silt.  Both  of 
these  periods  coincided  with  lower  basin  runoff  in  1981  and  1982  and  could 
have  reflected  large  sediment  inputs  from  nearby  Evacuation  Creek.   In  the 
summer  of  1982,  silt  levels  remained  high  during  the  extended  upper  basin 
runoff  period  but  then  returned  to  normal  conditions  following  runoff. 

Transect  WR18  experienced  a  single  period  of  dominance  by  silt.  This 
occurred  during  February,  1982  when  an  ice  jam  downstream  near  WR20  dammed 
the  river  and  caused  the  deposition  of  large  amounts  of  silt.  During  the 
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Figure  k.l^-l       Velocity  contours  (cm/s)  during  the  April,  1982 
sample  period  for  White  River  pool  and  riffle  transects. 
Riffle  transects  are  shown  on  the  left  while  pools  are 
on  the  right.   Vertical  scale  exaggerated  for  illustrative 
purposes. 
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Figure  A.A-3   Percent  of  sediment  samples  occurring  in  each  of 
five  size  fractions  in  six  White  River  transects  from  April, 
1981  to  December,  1982.  Left  hand  figures  are  riffles,  right 
hand  figures  are  pools. 
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remainder  of  both  years  this  transect  appeared  normal. 

Transect  WR27  experienced  a  change  in  character  during  March  1982.  At 
this  time,  the  silt  fraction  increased  to  dominance  and  remained  high  until 
December.  This  was  probably  due  to  the  less  turbulent  velocities  occurring 
in  this  riffle  transect  which  more  closely  resembled  that  of  the  pool 
transects.  An  additional  factor  which  contributed  to  the  increase  in  percent 
of  fines,  was  migration  of  the  stream  channel  into  the  fine  alluvium  of  the 
south  bank.  This  will  be  discussed  under  stream  profiles. 

Statistical  comparisons  considering  the  silt  size  fraction  among  the 
riffle  transects  reflected  the  observations  noted  above  (Table  4.4-2). 
Two-way  ANOVA  comparing  the  three  riffles  by  months  showed  that  WR27  had  a 
significantly  higher  percentage  of  silt  than  WR03  and  WR18  (p<0.05).  Across 
all  transects  there  was  a  significant  difference  with  September,  1981  being 
less  than  September,  1982  (p<0.05). 

Considering  Transect  WR18  alone,  there  was  a  significant  difference  in 
silt  percentage  among  months  with  December,  1981  being  greater  than  all 
others  (p<U.005).  Two-way  ANOVA  considering  years  as  well  as  months  for  WR18 
showed  that  there  was  no  significant  difference  between  years  or  months. 

Pool  transect  WR05  interstitial  sediments  were  quite  variable  during 
both  years  with  the  smaller  size  fractions  dominating  during  runoff  events  in 
1981  and  during  low  flow  in  March,  1982.  During  the  remainder  of  1982,  the 
larger  size  fractions  dominated.  This  transect  did  not  display  the 
consistent  pattern  of  sediment  dynamics  exhibited  by  the  other  pool  transects 
described  below. 
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Table  h.k-2  Summary  of  sample  periods  and  parameters 

included  in  statis'tical  comparisons  (ANOVA) 


WR03, 18,27 

WRIB 

TRANSECTS 
AND 

WR18 

YEARS 
AND 

MONTHS 

MONTHS 

MONTHS 

SAMPLING 
PERIOD 

Benthic  invert, 
chlorophyl  I  a 
Benthic  organics 
Sediment  organics 
Sediment  size 

Benthic  invert, 
chlorophyll  a 
Benthic  organics 
Sediment  organics 
Sediment  size 

Benthic  invert, 
chlorophyl 1  a 
Benthic  organics 
Sediment  organics 
Sediment  size 

1981   mid-Apr 

X   XX 

X   XX 

late-Apr 

XX   XX 

XX   XX 

May 

X  X  X  X  X 

X  X  X  X  X 

Jun 

XX   XX 

XX   XX 

X  X 

Jul 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X 

Aug 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X 

Sep 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X 

Oct 

X  X  X  X  X 

X  X  X  X  X 

Nov 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X 

Dec 

X   XXX 

X  X  X  X  X 

1982      Feb 

X  X  X  X  X 

Mar 

X  X  X  X  X 

X  X  X  X  X 

Apr 

X  X  X  X  X 

X  X  X  X  X 

XX   XX 

May 

X  X  X  X  X 

X  X  X  X  X 

Jun 

XXX 

X  X 

Jul 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X 

Aug 

X  X  X  X  X 

X  X  X  X  X 

Sep 

X     X 

X  X  X  X  X 

X  X  X  X  X 

Oct 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X 

Nov 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X 

Total  (Max=20) 

11  12  10  12  13 

19  20  17  19  19 

16  16  12  1^  1^ 
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The  remaining  pool  transects  WR20  and  WR29  had  sediment  size 
distributions  that  remained  relatively  uniform  during  both  years  with 
dominance  by  both  silt  and  sand  size  fractions. 

Stream  cross-section  profiles  for  each  transect  are  presented  in  Figures 
4.4-4  and  4.4-5.  Each  figure  presents  profiles  before  and  after  lower  basin 
runoff  during  1982.  The  effects  of  extended,  high  discharge  were  evident  in 
all  transects. 

The  upstream  riffle  Transect  WR03,  experienced  a  shift  from  smaller 
substrates  in  April  (pre-runoff)  to  larger  sizes  in  July  (post-runoff).  No 
significant  change  in  channel  morphology  was  observed.  WRU3  has  retained 
consistent  riffle  characteristics  through  both  years. 

The  on-site  riffle  transect,  WR18,  experienced  a  shift  from  smaller 
substrates  in  April  (pre-runoff)  to  larger  sizes  post-runoff.  No  significant 
change  in  channel  morphology  was  observed.  WR18  has  retained  consistent 
riffle  characteristics  through  both  years. 

The  below  tract  riffle  transect,  WR27,  did  not  undergo  major  changes  in 
substrate  between  pre-  and  post-runoff,  although  changes  from  larger  to 
intermediate  substrates  were  observed  between  years.  The  major  change  in 
WR27  occurred  in  channel  morphology.  The  channel  width  increased  as  the 
south  bank  of  the  river  was  eroded  away.  The  streambed  experienced  some 
degradation  as  well.  This  transect,  with  its  less  turbulent  velocity 
profile,  shift  toward  smaller  substrates  and  eroding  banks  appeared  to  be  in 
transition  from  a  riffle  to  a  pool.  These  changes  occurred  due  to  the 
location  of  WR27  within  a  channel  meander.  This  transect  should  be  relocated 
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Figure  h.k-k       1982  pre-  and  post-runoff  stream  profiles  for  White  River 
riffle  transects. 
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Figure  kAS       1982  pre-  and  post-runoff  stream  profiles  for 
White  River  pool  transects. 
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up-  or  downstream  to  a  more  stable  riffle  occurring  within  a  straight  section 
of  stream  channel . 

The  upstream  pool  transect,  WR05,  underwent  a  change  from  smaller 
substrates  during  April  to  larger  substrates  in  July  following  runoff.  This 
was  due  to  erosion  of  the  bed  material  during  high  discharge.  Based  upon 
higher  velocities,  larger  interstitial  sediments,  and  stream  cross-sections 
this  transect  appeared  to  be  intermediate  between  pool  and  riffle 
classification. 

The  on-site  pool  transect,  WR20,  experienced  little  change  in  substrate 
composition  during  the  high  discharge  period,  April  -  July,  1982.  The 
substrate  in  this  transect  has  always  consisted,  to  a  large  degree,  of  sand 
and  silt  in  apparent  transport  (high  bedload).  This  transect  underwent  a 
large  amount  of  channel  erosion  and  deposition  during  this  period.  Five 
meters  of  the  north  bank  eroded  away  with  deposition  of  approximately  ten 
meters  of  material  onto  the  south  side  of  the  channel.  This  resulted  in  a 
migration  of  the  channel  approximately  five  meters  to  the  north.  The  channel 
bed  was  also  eroded  downward.  These  changes  were  a  result  of  the  increased 
discharge  in  1982  and  the  position  of  this  transect  in  a  channel  meander. 
This  transect  remained  pool -like  in  character  and  was  the  most  unstable 
habitat  sampled. 

The  below-tract  pool  transect,  WR29,  changed  in  substrate  dominance 
between  April  and  July,  1982.  The  smaller  substrates  present  in  April  were 
eroded  away,  leaving  the  larger  substrates  exposed  in  July.  Overall  channel 
morphology  did  not  change  with  the  exception  of  a  small  amount  of  silt  and 
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sand  deposition  in  the  deepest  portion  of  the  transect.  This  transect 
remained  pool -like  in  character. 

4.4.1.3.  Total  Suspended  Solids.  In  the  White  River  system  during  1981 
and  1982,  particles  suspended  in  the  water  were  a  dominant  physical  factor  in 
regulating  the  biology  of  the  system  through  scouring,  siltation,  and 
reduction  in  light  penetration.  In  both  years,  total  suspended  solids  were 
highest  during  upper  basin  runoff  (Figure  4.4-6).  This  was  probably  due  to 
bank  erosion  and  inundation  of  nearshore  areas  during  these  high  water 
periods.  During  the  spring  and  summer  of  1982,  levels  of  suspended  solids 
were  generally  higher  than  for  a  similar  period  in  1981.  This  reflected  the 
higher  discharge  which  occurred  during  1982. 

The  variability  in  this  parameter  reflected  events  occurring  in  the 
watershed.  During  periods  of  baseflow  or  in  the  absence  of  storms,  the 
variability  was  low  as  shown  by  the  standard  error  bars  in  Figure  4.4-6. 
During  storms  or  transition  periods  between  major  hydrologic  events, 
variability  was  high.  Examples  of  this  will  be  illustrated  in  a  later 
section. 

4.4.1.4.  Light  Penetration.  The  depth  to  which  one  percent  of 
photosynthetical ly  active  light  penetrates  (wavelength=660  nm)  is  shown  in 
Figure  4.4-6.  These  values  were  calculated  by  an  experimentally  determined 
relationship  (ERI  1982)  between  total  suspended  solids  (TSS)  concentration  in 
the  White  River  and  light  penetration  (LUX)  and  therefore  reflected  the 
patterns  observed  in  TSS.  During  periods  of  high  discharge,  TSS  was 
generally  elevated,  resulting  in  a  decrease  in  light  penetration. 
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Figure^  k.k-d    Total  suspendeci  solicJs  and  the  depth  to  which  \% 
of  incident  light  (660  nm)  penetrated  at  Transect  WR18  in  the 
White  River  during  I98I  and  I982. 
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During  a  large  portion  of  1982,  light  penetration  was  very  low  (<10  cm). 
This  meant  that  very  little  of  the  river  bottom  had  sufficient  light  for 
photosynthesis  and  that,  in  general,  in-stream  primary  production  should  have 
been  low.  Chlorophyll  d_  values  for  1982  reflected  this. 

4.4.1.5.  Water  Temperature.  Daily  average  water  temperature  values  for 
the  White  River  study  area  during  the  1982  water  year  are  presented  in  Figure 
4.4-7.  The  data  illustrated  another  aspect  of  the  variability  of  the 
physical  environment  of  the  White  River  system.  The  annual  temperature  range 
was  from  0°C  to  25°C  and  while  the  trend  followed  a  normal  sinusoidal 
pattern,  the  short-term  variations  around  the  mean  were  substantial.  These 
variations  were  due  to  runoff  events  and  meteorologic  factors. 

WHITE   RIVER 

OCTOBER    1981    -   SEPTEMBER   1982 

WATER    TEMPERATURE 


DATE 

Figure  A. A-?  Daily  average  water  temperature  data  for  the  White  River 
1982  water  year.  Data  provided  by  VTN  Consolidated  for  station  near 
Asphalt  Wash. 

4.4.2.  Chemical  Environment.  The  chemistry  of  the  White  River  in  the 
study  section  is  governed  by  the  geology  of  the  drainage  basin,  soils,  and 
hydrology.  The  chemical  parameters  important  to  primary  production  are 
presented  herein  and  reflect  hydrologic  or  discharge-related  events  in  the 
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watershed. 

4.4.2.1.  Conductivity.  Conductivity,  or  specific  conductance,  is  an 
indirect  measure  of  the  quantity  of  dissolved  mineral  substances  in  the  water 
(APHA  1980).  This  parameter  is  biologically  important  in  that  it  may 
indicate  relative  levels  of  osmotic  stress  or  availability  of  micro-  and 
macro-nutrients  to  the  organisms  inhabiting  the  White  River.  Figure  4.4-8 
shows  the  variation  in  conductivity  which  occurred  at  WR18  during  1982  sample 
sessions. 
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Figure  A.A-8  Conductivity  in  the  White  River  at  Transect 
WR18  during  1982  sample  sessions. 


During  lower  basin  runoff  in  early  spring,  conductivity  peaked  near  900 
micromhos/cm  due  to  the  leaching  of  dissolved  substance  from  the  soils  of  the 
adjacent  watershed.  As  upper  basin  runoff  began,  dilution  took  place, 
lowering  the  concentration  of  these  dissolved  substances  to  approximately  200 
micromhos/cm.  With  continuing  high  runoff  through  the  summer  and  periodic 
storm  with  consequent  leaching  and  overland  runoff  during  the  summer  and 
fall,  conductivities  remained  high  through  December. 
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4.4,2.2.  Macronutrients.  The  inorganic  forms  of  nitrogen  and  soluble 
reactive  phosphorous  (PO^-P)  are  important  to  primary  production  in  aquatic 
systems.  The  ratio  of  inorganic  nitrogen  to  soluble  reactive  phosphorous  has 
been  used  as  a  measure  of  nutrient  limitation  to  the  primary  producers 
(Hutchinson  1967).  The  concentrations  of  these  inorganic  forms  along  with 
total  phosphorous  occurring  in  the  White  River  during  1981  and  1982  are  shown 
in  Figure  4.4-9. 

Total  phosphorous,  measured  as  both  dissolved  and  particulate  forms 
reflected  hydrologic  events  which  carried  increased  loads  of  suspended  solids 
into  the  river.  Thus,  during  periods  of  elevated  discharge  when  TSS  levels 
increased,  total  phosphorous  in  the  river  system  increased.  Levels  -during 
1982  remained  high  through  the  year,  while  in  1981  they  were  low 
corresponding  to  the  lower  baseflow  levels. 

Soluble  reactive  phosphorous  (designated  orthophosphate),  the 
biologically  available  form,  followed  the  same  pattern,  with  elevated  levels 
during  1982  when  compared  to  1981.  Again,  concentration  of  PO--p  tracked  TSS 
and  discharge  while  varying  between  approximately  1  ;jg/l  and  13^g/l. 

Total  inorganic  nitrogen  measured  as  the  sum  of  nitrate  (NO^),  nitrite 
(NO2),  and  ammonia  (NH3)  in  the  White  River  during  1981  and  1982  behaved  in  a 
similar  manner  to  the  phosphorous  forms,  again  being  determined  by  hydrologic 
events.  The  three  compounds  were  present  in  order  of  concentration  (NO^  > 

NH^  >NU2)  and  reached  maximum  values  greater  than  500  ug/1  during  lower  basin 
runoff. 
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Figure  h.kS    Total  phosphorous,  reactive  phosphorous  (orthophosphate) , 
total  inorganic  nitrogen  (NH^  +  NOo  +  NO2)  in  the  White  River  at 
Transect  WRI8  during  I98I  and  1982. 
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The  ratio  of  total  inorganic  nitrogen  to  orthophosphate  has  been  used  by 
limnologists  to  indicate  when  either  of  the  major  nutrients  is  in  short 
supply  relative  to  the  other.  When  this  ratio  exceeds  15:1  the  system  is 
presumed  to  be  phosphorous-limited  and  when  the  ratio  is  less  than  15:1 
nitrogen  limitation  occurs.  According  to  Figure  4.4-9  the  White  River  was 
phosphorous-limited  during  1981  and  oscillated  between  nitrogen  and 
phosphorous  limitation  during  1982.  Based  upon  the  absolute  levels  of 
reactive  phosphorous  and  inorganic  nitrogen  present  in  the  system  during 
those  periods  it  appears  that  sufficient  nutrients  were  available  to  promote 
primary  production  if  other  factors  were  suitable  (light,  substrate). 

4.4.2.3.  Storm  Effects  Upon  the  Physical /Chemical  Environment.. 
Following  a  lower  basin  runoff  period  during  February  and  early  March,  1982, 
the  White  River  returned  to  a  baseflow  level  of  approximately  380  cfs.  Data 
for  a  one  week  period  during  this  time  indicate  consistent  levels  of  physical 
and  chemical  parameters  (Figure  4.4-10).  Total  phosphorous  was  declining 
during  this  period  while  the  available  forms  of  nitrogen  and  phosphorous  as 
well  as  TSS  and  conductivity  maintained  uniform  levels. 

In  contrast,  following  upper  basin  runoff  during  the  last  week  in  July 
the  effect  of  a  storm  in  the  watershed  was  evident.  During  this  week  flow 
increased  from  417  cfs  on  July  26  to  510  cfs  on  July  29  due  to  a  storm.  The 
resulting  change  in  physical  and  chemical  parameters  occurred  rapidly  with 
the  input  of  this  storm  (Figure  4.4-11).  Conductivity  and  TSS  rose  sharply 
as  did  the  concentration  of  total  phosphorous  and  total  inorganic  nitrogen. 
These  parameters  reflected  the  input  of  silt  and  salts  from  overland  runoff. 
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Figure  ^.^-10  Water  chemistry  in  the  White  River  at  Transect  WRl8 
prior  to  upper  basin  runoff  during  March,  1982. 


Orthophosphate  increased  from  8  )jg/l  to  30  ;jg/l  during  this  period  as   well 
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Figure  ^.^-11  The  effect  of  a  storm  event  upon  water  chemistry 
in  the  White  River  at  Transect  WRl8  during  July,  1982. 

Thus,  periodic  storms  bring  pulses  of  nutrients  into  the  White  River  and 
can  elevate  annual  levels  of  these  nutrients  if  they  occur  frequently  as  in 
1982.  However,  with  storms,  suspended  sediments  increase  thus  reducing  light 
penetration  and  increasing  scouring.  These  physical  factors  may  then  counter 
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the  ability  of  the  system  to  use  increased  available  nutrients  for  primary 
production.  Other  system  functions  which  require  nutrients  and  do  not 
require  light,  such  as  decomposition,  may  be  enhanced  by  these  storms. 

4,4,3.  The  Organic  Environment,  River  systems  have  two  basic  sources 
of  energy  (food)  for  the  biota  that  exist  therein.  These  are  al lochthonous 
or  terrestrial  detritus  that  reach  the  river  via  runoff  or  aerial  transport 
and  autochthonous  organics  generated  within  the  stream  by  algae  (periphyton) 
and  macrophytes  (plants).  Land  use  patterns  and  runoff  events  are  important 
factors  governing  the  quantity  of  organic  matter  entering  streams  (Dance  et 
al.  1979).  During  1981  and  1982  it  has  been  apparent  from  field 
observations  that  the  White  River  was  the  recipient  of  a  large  amount  of 
organic  matter  from  the  land.  This  input  was  measured  by  the  use  of  drift 
nets  which  passively  capture  organic  matter  drifting  through  the  study 
section, 

4.4.3.1,  Drift  Organics.  The  amount  and  pattern  of  drifting  organics 
which  occurred  in  the  White  River  adjacent  to  the  tracts  during  1981  and  1982 
is  shown  in  Figure  4.4-12.  In  general,  the  amount  of  drifting  organics 
increases  with  increased  flows.  The  July  1982  data  point,  which  is  extremely 
high,  was  based  upon  samples  taken  over  extremely  short  time  intervals  due  to 
wery   high  silt  loads  which  clogged  the  nets.  The  real  value  for  this  time 
period  would  likely  be  somewhat  less  than  that  shown. 

4.4.3.2,  Benthic  Organic  Matter  (CPOM).  Different  species  of  bottom 
fauna  have  been  shown  to  have  different  quantitative  relationships  with  plant 
detritus.  As  a  consequence,  community  structure  at  a  single  site  has  been 
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Figure  A. ^-12  Dry  weight  of  organic  detritus  drifting  per 
square  meter  of  river  cross  section  in  the  White  River  at 
Ignatio  Bridge  and  Southam  Canyon  from  May,  198l  to  Dec,  1982 


shown  to  depend  to  a  large  extent  on  the  amount  of  detritus  present.  As 
amount  of  detritus  increased,  the  variety  of  bottom  fauna  increased.   In 
fairly  uniform  riffles,  quantities  of  benthic  species  varied  greatly  with 
location  and  were  correlated  with  amount  of  detritus  present  (Egglishaw 
1969).  Cummins  (--)  indicated  in  a  review  of  the  ecology  of  stream  systems 
that  primary  production  was  the  base  of  the  food  chain  in  erosional  areas 
(riffles)  while  detritus  was  in  depositional  areas  (pools). 

The  dry  weight  of  benthic  organic  matter  associated  with  benthic 
invertebrate  samples  during  1981  and  1982  is  shown  in  Figure  4.4-13.  CPOM 
(coarse  particulate  organic  matter)  in  the  riffle  transects  WR03,  WR18,  and 
WR27  reflect  runoff  events  and,  to  some  extent,  primary  production  patterns, 
During  high  discharge,  larger  amounts  of  detritus  entered  the  river  system 
and  were  evidently  deposited  in  the  benthic  region.  This  resulted  in  peaks 
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Figure  A. ^-13  Dry  weight  of  benthic  organic  matter  (CPOM)  associated 
with  benthic  invertebrate  samples  taken  in  six  White  River  transects 
from  April,  I98I  to  December,  1982. 
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in  benthic  CPOM  during  May,  June,  and  October,  1981  and  during  April  and 
August,  1982.  Increasing  amounts  of  benthic  CPOM  were  measured  during  the 
late  summer  months  of  both  years;  however,  during  1981  this  was  probably 
partly  due  to  increased  benthic  production  of  filamentous  algae.  This  was 
not  the  case  during  1982  when  algal  production  was  low  and  storm  frequency 
high. 

Statistical  comparisons  of  riffle  transect  data  were  performed  to 
distinguish  between  transects  by  month  (two-way  ANOVA);  to  distinguish 
between  all  months  for  WR18,  the  intensive  site  measured  most  often,  (one-way 
ANUVA),  and  to  distinguish  between  years  and  months  for  WR18  (two-way  ANOVA). 
Table  4.4-2  summarizes  the  number  of  sample  periods  included  in  each,  of  these 
analyses.  Data  for  pools  was  not  subjected  to  statistical  comparisons 
because  these  transects  were  discontinued  as  monitoring  sites. 

Two-way  ANOVA  showed  that  benthic  CPOM  did  not  differ  significantly 
between  transects  based  on  monthly  comparisons,  but  that  some  months  were 
different  (p<0.05)  from  others  when  all  riffle  transects  were  considered  in 
the  analysis.  April,  1982  was  significantly  higher  than  all  other  months 
while  July,  1981  was  less  than  July,  1982  and  November,  1982  was  less  than 
November,  1981. 

Considering  months  for  transect  WR18  alone,  there  was  a  significant 
difference  among  months  (p<0.005)  with  July,  1981  less  than  July,  1982 
(p<0.05)  and  August,  1981  less  than  August,  1982  (p<0.05).  A  two-way  ANOVA 
for  WR18  considered  the  variation  in  benthic  CPOM  across  years  and  months. 
There  was  no  significant  difference  between  years  or  months  but  there  was  a 
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significant  interaction  between  years  and  months  (p<0.005)  which  meant  that 
variation  was  not  consistent  with  each  of  these  factors  (i.e.  the  same 
temporal  pattern  did  not  occur). 

These  analyses  resulted  in  increased  confidence  in  benthic  CPOM  as  a 
monitoring  parameter.  That  the  three  transects  were  not  different  means  the 
control -treatment  approach  to  impact  detection  comparing  upstream  (control) 
sites  with  downstream  (treatment)  sites  would  be  effective  for  this  parameter 
without  modification.  Within  transects,  a  few  short-term  (months) 
differences  were  detectable  while  years  were  not  different.  Most  months  were 
not  different.  This  implies  that  impacts  to  this  parameter  may  be  detected 
with  a  resolution  of  years  (coarse)  and  months  (fine)  with  no  changa  to 
sampling  schedules. 

CPOM  in  the  pool  transects  was  generally  lower  than  in  the  riffles, 
probably  due  to  the  lack  lafge  of  substrates  with  interstitial  space  to  trap 
CPOM,  The  amount  of  CPOM  present  in  the  pools  during  1982  appeared  to  be 
less  than  in  1981.  This  probably  reflected  the  higher  discharge  and  velocity 
during  1982  which  would  not  have  allowed  detritus  to  settle  to  the  benthic 
region  in  large  quantities  given  the  smaller,  more  uniform  substrate. 

4.4.3.3.  Sediment  Organic  Matter  (FPOM).  The  percent  of  the  silt  size 
fraction  (<0.25  mm)  from  transect  sediment  cores  which  was  combustible 
organic  matter  is  shown  in  Figure  4.4-14. 

FPOM  (fine  particulate  organic  matter)  in  the  riffle  transects  WRU3, 
WR18,  and  WR27  did  not  appear  to  reflect  runoff  events.  There  were  no 
consistent  patterns  for  all  riffle  transects  although  slight  increases  were 
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in  sediment  silt  size  fraction  (  <0.25  mm)  in  six  White  River 
transects  from  April,  I98I  to  December,  1982. 


^-^1 


measured  in  all  three  transects  during  the  summer  and  fall  of  1981.  This 
period  of  warm  temperatures  coincided  with  the  period  of  highest  invertebrate 
density  and  probably  the  highest  microbial  activity.  These  factors  could 
have  led  to  the  processing  of  available  CPOM  to  FROM  in  the  sediments. 

The  same  statistical  comparisons  were  performed  on  the  FROM  data  as  for 
CPOM.  Two-way  ANOVA  showed  that  sediment  FROM  among  the  three  riffle 
transects  did  not  differ  significantly  based  on  monthly  comparisons  and  there 
were  no  significant  differences  between  months.  One-way  ANOVA  performed  on 
the  intensive  site,  WR18,  showed  no  significant  difference  between  months. 
Two-way  ANOVA  of  the  WR18  data  showed  that  sediment  FROM  during  1981  was 
significantly  higher  than  during  1982  (p<0.01)  and  that,  again,  there  were  no 
differences  between  months. 

As  was  the  case  for  benthic  CROM,  these  analyses  resulted  in  increased 
confidence  in  sediment  FROM  as  a  monitoring  parameter.  Since  values  have 
been  very  consistent  between  locations  and  time  periods,  control -treatment 
designs  for  impact  detection  are  viable  across  location  (transects)  and  time 
with  a  resolution  of  months. 

FROM  in  the  sediments  of  pool  transects  did  not  appear  different  than  in 
the  riffle  transects.  No  apparent  pattern  was  observed  which  could  relate 
sediment  FROM  in  pools  to  hydrologic  cycles.  The  high  values  observed  on  WR 
29  during  August  and  September  1981  were  due  to  the  settling  of  silt  in  the 
shallow  ,  low  velocity  portion  of  the  transect  during  this  period  of  low 
discharge.  This  type  of  area  was  not  observed  on  any  other  pool  transect,  so 
no  comparisons  can  be  made. 
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4.4.4.  Primary  Producers. 
The  periphyton  in  the  White  River  are  an  important  source  of  energy  for  the 
consumers,  the  macroinvertebrates,  and  fish.  Upon  senescence  they  become  an 
energy  source  for  the  decomposers  and  through  decomposition  and 
mineralization  reenter  the  nutrient  cycle  of  this  aquatic  system. 
Chlorophyll  a_  was  used  as  the  dominant  measure  of  the  periphyton  standing 
crop  for  the  White  River  during  1981  and  1982  (Figure  4.4-15). 

4.4.4.1.  Periphyton  Biomass.  In  general,  desert  streams  tend  to  be 
more  autotrophic  due  to  the  reduction  of  a  stream  canopy  which  allows  greater 
light  levels  to  occur  within  the  stream  (Blinn  et  al.  1981).  As  turbidity 
increases,  photosynthesis  decreases  due  to  decreased  light  and  gas  exchange 
(Cordone  and  Kelley  1961). 

Chlorophyll  _a  in  the  riffle  transects  during  1981  and  1982  was  governed 
by  physical  influences  (Figure  4.4-15).  During  1981  when  discharge  was  low, 
light  penetration  was  high  and  there  was  little  scouring  of  the  algae. 
Resulting  standing  crops  were  high.  In  contrast,  during  1982,  discharge 
remained  high  with  resulting  poor  light  penetration  and  substantial  scouring 
by  suspended  sediment.  Algae  standing  crops  were  consequently  lower.  The 
values  attained  in  the  White  River  were  comparable  to  those  found  in  the 
Little  Lost  River,  Idaho  study  by  Andrews  and  Minshall  (1978).  They  found 
that  the  chlorophyll  a_  content  of  periphyton  was  low  (1-19  mg/m^)  following 
ice  cover  and  spring  runoff,  but  relatively  high  levels  were  found  in  late 
summer  (12-68  mg/m^).  During  the  winter  months  of  November  through  February 
in  both  years,  scouring  by  ice  was  an  important  factor  limiting  algal 
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Figure  k.k-]S     Periphyton  blomass  as  chlorophyll  a_   in  six  White 
River  transects  from  April,  I98I  to  December,  1982. 
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standing  crops. 

According  to  the  classical  nitrogen/phosphorous  ratio  (Figure  4.4-9)  the 
periphytic  algae  should  have  been  phosphorous-limited  during  1981.  This  was 
apparently  not  the  case  as  phosphorous  levels  were  lower  in  1981  than  in 
1982,  yet  production  was  higher.  Light  was  apparently  the  more  limiting  of 
these  two  environmental  factors. 

Two-way  ANOVA  comparing  the  three  riffle  transects  by  months  showed  that 
the  three  transects  were  not  significantly  different  while  there  were 
significant  differences  among  the  months  (p<0.01).  November,  1982  was 
significantly  lower  in  chlorophyll  a_  than  all  other  months  (p<0.05)  and  July, 
1982  was  significantly  lower  than  July,  1981  (p<0.05).  Comparing  months  for 
transect  WR18  only,  there  were  differences  among  months  (p<0.01).  September, 
October,  and  November  were  all  significantly  higher  in  1981  than  in  1982 
(p<0.05).  Two-way  ANOVA  for  WR18  considering  differences  among  years  and 
months  showed  that  1981  chlorophyll  a_  values  on  WR18  were  significantly 
higher  than  in  1982  (p<0.01)  and  that  no  months  were  significantly  higher 
than  any  other. 

Chlorophyll  a^  values  for  riffle  transects  appeared  to  be  a  good 
biological  monitoring  parameter  for  the  White  River  and  can  be  used  in  a 
control -treatment  design  for  impact  detection.  Since  the  transects  were  not 
different  from  each  other  over  time,  comparing  upstream  (control)  transects 
with  downstream  (treatment)  transects  would  have  a  good  probability  of 
detecting  a  change  between  locations.  Since  years  were  significantly 
different  from  each  other,  but  few  months  were  different  from  all  others. 
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impacts  or  changes  could  be  detected  with  a  resolution  of  months  and  would 
depend  upon  sampling  frequency. 

Chlorophyll  a_  for  the  pool  transects  was  highly  variable  during  1981  due 
to  the  small  amount  of  suitable  substrate  and  the  general  instability  of 
these  environments  which  did  not  allow  consistent  production  even  though  the 
light  and  nutrient  climate  was  good.  During  1982  the  values  were  not  as 
variable,  probably  because  there  were  no  periods  of  suitable  conditions  long 
enough  to  allow  high  production  to  take  place.  Standing  crops  remained  low 
throughout  1982  reflecting  this. 

4.4.4.2.   Product  ion /Res pi  ration.  This  potential  set  of  monitoring 
parameters  was  measured  during  fifty-two  separate  experimental  trials  of  from 
one  to  several  days  during  1981  and  1982.  The  results  presented  here  are   a 
gross  summary  of  average  values  for  each  sample  period  (Figure  4.4-16).  More 
detailed  field  tests  and  analytical  and  modeling  efforts  will  take  place 
during  1983  to  bring  the  P/R  information  together  into  a  refined  monitoring 
tool.  Results  to-date  are  encouraging  based  upon  field  tests  with 
stimulatory  and  inhibitory  compounds. 

The  assimilation  rate  (mg  O^/mg  chla^/day)  is  the  rate  at  which  the 
standing  crop  of  algae  produces  oxygen  through  photosynthesis  over  the  amount 
required  for  respiration  of  the  community  attached  to  the  rock  surface.  This 
rate  is  a  measure  of  the  efficiency  with  which  the  autotrophic  community 
functions.  Values  are   generally  higher  when  the  algal  comunity  is  in  a  rapid 
growth  phase  with  low  standing  crops  (log  phase  growth).  Thus,  a  small 
standing  crop  can  produce  an  apparent  "rate"  much  higher  than  higher  standing 
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Figure  k.k-]6      Results  of  production-respiration  experiments  in 
the  White  River  during  198I  and  1982.   Right  curve  depicts  the 
assimilation  rate  or  net  production  per  unit  mass  of  chlorophyll 
a_  present.   The  left  figure  represents  community  respirat'ion  per 
unit  mass  (R/B)  of  chlorophyll  £  present  and  the  overall  community 
production  to  respiration  ratio  (P/R) . 


crops  yet  be  producing  less  oxygen  per  unit  area. 

During  1981  and  1982  the  highest  assimilation  rates  occurred  during 
periods  of  higher  light  penetration  and  lower  algal  standing  crops  (Figures 
4.4-6  and  4.4-15).  The  highest  values  occurred  during  August  and  September, 
1982  and  reflected  short,  highly  productive  periods  of  a  few  hours  with  low 
standing  crops  which  had  been  inundated  by  very  turbid  water  for  long  periods 
of  time.  This  illustrates  the  rate  at  which  the  community  can  assimilate 
energy,  even  when  favorable  conditions  are  only  available  for  short  periods. 

Respiration  to  biomass  ratios  which  represent  the  amount  of  oxygen 
consumption  by  the  community  during  the  night  remained  low  throughout  1981 
and  peaked  during  the  summer  of  1982  before  returning  to  the  previous  low 
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levels.  There  is  no  clear  explanation  for  this  high  value  at  this  time.  One 
hypothesis  is  that  the  extremely  low  standing  crop  of  periphyton  measured 
during  this  time  period  was  extremely  active  as  the  assimilation  rate 
indicated.  This  low,  active  biomass  could  have  an  extremely  high  specific 
respiration  rate. 

The  production/respiration  ratio  (P/R)  is  the  ratio  of  net  daily 
production  to  respiration.  Values  greater  than  one  indicate  an  autotrophic 
community,  or  one  that  produces  more  energy  than  it  consumes,  i.e.  ruled  by 
photosynthesis.  Values  less  than  one  indicate  heterotrophy,  or  a  community 
consuming  more  energy  than  it  produces.  In  the  White  River  during  1981  and 
1982,  the  periphytic  communities  measured  were  autotrophic  (P/R>1)  or  nearly 
so  during  all  sample  periods  except  February,  1982.  This  period  had  a  high 
standing  crop  of  periphyton  but  light  penetration  was  poor  which  led  to  a 
community  of  algae  continually  respiring  with  no  net  oxygen  production. 

Once  a  model  is  developed  which  integrates  light  into  the  rates  of 
production  and  respiration  these  values  will  be  much  more  easily  interpreted 
and  tested  statistically  for  impact  detection.  Other  factors  such  as  light 
adaptation,  physiological  state  of  the  algae,  and  most  appropriate  light 
quantum  measurements  will  be  considered  in  the  model. 

4.4.5.  Consumers.  The  consumers  measured  on  transects  in  the  White 
River  aquatic  biology  program  during  1981  and  1982  were  the 
macroinvertebrates.  The  taxa  were  dominated  by  members  of  the  class  Insecta. 

4.4.5.1.  Species  Richness.  This  parameter  was  based  on  taxonomy  to  the 
level  of  genus  and  should  more  appropriately  have  been  called  "taxonomic 


^-^8 


richness".  However,  common  terminology  (species  richness)  governs  here. 
Grossman  et  al.   (1973)  justified  taxonomy  to  the  genus  level  rather  than 
species  because  it  allowed  an  increased  scope  of  investigation  due  to  cost 
savings  both  in  time  and  dollars.  Using  genera  was  effective  in  that 
comparisons  could  still  be  made  with  a  comparable  level  of  discrimination. 
Coleman  and  Hynes  (1970)  found  in  experimental  studies  with  introduced 
substrates,  that  full  colonization  of  animals  would  take  in  excess  of  28  days 
while  representatives  of  nearly  all  taxa  were  present  in  samples  after  one 
day  and  all  were  present  by  day  three.  This  indicates  the  importance  and 
rapid  response  of  this  parameter. 

The  riffle  transects  all  exhibited  a  similar  pattern  of  higher  -species 
richness  during  the  summer  months  and  lower  richness  during  the  winter  months 
(Figure  4.4-17).  Most  or  all  of  the  taxa  were  present  at  all  times,  but 
normal  sampling  techniques  can  miss  the  egg  or  smallest  instars.  The  high 
summer  richness  values  represented  rapid  growth  (and  therefore  high  sample 
visibility)  due  to  higher  temperatures  and  better  food  availability.  During 
1981  there  was  a  very  regular  pattern  of  increasing  richness  and,  with 
emergence,  a  regular  decrease  and  leveling  off  during  the  winter  inactive 
stage.  In  1982,  this  regular  pattern  was  made  more  erratic  by  the  high 
discharge  events  which  continually  disturbed  the  macroinvertebrate  community. 
Emergence  patterns  could  have  been  altered  or  these  disturbances  could  have 
been  lethal  to  some  genera.  Andrews  and  Minshall  (1978)  found  that  ice, 
temperature,  discharge,  and  food  availability  exerted  a  strong  influence  upon 
the  invertebrates  of  the  Little  Lost  River,  Idaho.  There  was  a  strong 
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Figure  ^.A-17  Benthic  macroinvertebrate  species  richness  in  six 
White  River  transects  from  April,  1981  to  December,  1982. 
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correlation  between  total  numbers  and  mean  annual  discharge. 

The  instability  of  the  pool  transects  was  depicted  well  by  the 
macroinvertebrte  community  (Figure  4.4-17).  Species  richness  was  highly 
variable  and  had  no  pattern.  This  was  one  of  the  factors  considered  before 
discontinuing  monitoring  at  these  sites. 

4.4.5.2.  Macroinvertebrate  Density  and  Bionass.  The  numbers  and 
biomass  of  macroinvertebrates  captured  on  pool  and  riffle  transects  in  the 
White  River  during  1981  and  1982  are  shown  in  Figures  4.4-18  through  4.4-20. 
These  values  are  presented  by  functional  group  representing  the  food  base  of 
the  organisms  as  well  as  the  totals. 

Numbers  and  biomass  of  riffle  macroinvertebrates  followed  a  similar 
pattern  as  periphyton  biomass  with  peaks  occurring  during  low  discharge  and 
high  light  periods  during  1981.  This  indicated  that  similar  environmental 
conditions  and  perhaps  partial  dependence  upon  a  periphytic  food  base  were 
important  factors  in  determining  macroinvertebrate  abundance.  As  stated 
earlier,  Andrews  and  Minshall  (1978)  found  a  strong  correlation  between  total 
numbers  and  mean  annual  discharge.  Cummins  (--)  also  pointed  out  the 
importance  of  velocity  to  the  macroinvertebrate  community.  These  factors 
appear  to  be  of  great  importance  to  the  macroinvertebrate  community  of  the 
White  River  as  wel 1 . 

Two-way  ANOVA  which  considered  the  three  riffle  transects  by  months 
showed  that  WR03  and  WR18  were  significantly  higher  in  numbers  and  biomass 
than  WR  27  (p<0.05).  This  was  due,  in  part,  to  the  lack  of  boulders  and  less 
stable  smaller  substrates  generally  present  on  WR27  as  compared  to  the  other 


i^-51 


TRANSECT  WR03 

APR  1981  -  DEC  1982 


NUMBERS  OF  BENTHIC  HACROINVERTEBRATES 


A    M   J 


JASON    Dij   FMAMJJASOND 
SAMPLE   DATE 


500. 
A$0.  H 
400 
350.  ^ 
300. 
250. 
200. 
150.  H 
100. 
50. 
0. 


-KIIIIIWU 


•X 

/I 

;'i 

/  i 

/    i 

/'     i 

/'      i 


1 


4^ 


,*t     >•-»  tr- 


^-:r-^^^^ 


AMJJASONDlJFMAMJJ 
SAMPLE   DATE 


S  0  N  D 


1^0 


TRANSECT  WR03 

APR  1981  -  DEC  1982 

BIOMASS  OF  BENTHIC  HACROINVERTEBRATES 


M  J  J  A  S  0  N  DiJ  F  M  A  M  J 
SAMPLE  DATE 


S-KIIII1IMU 

500.  1 

!     i\ 

•— l«MITM£f 

450. 

i       ?\ 

4— PMUItU 

400. 

« 

=    350.  ■ 

A: 

g   300. 

■  h 

250.  ■ 

■  'i 

in 

•  1 

52    200. 

:  \ 

o    150. 

:  \ 

<D    100.  ■ 

^>, 

-                                > 

50. 

« 

^- 

*.                    **' 

0.  ■ 

,     ,    ¥-'4^*  V 

'^r- 

■*■■■■;' 

..V: 

'■^ 

**-*''           .-* 

A  M  J  J  A  S 


SAMPLE  DATE 


TRANSECT  WR05 
APR  1981  -  DEC 


3000. 
2700. 
2400. 
2100. 
1800. 
1500. 
1200. 

900. 

600. 

300. 
0. 


500. 
450. 
400. 
350. 
300. 
250. 
200. 
150. 
100. 
50. 
0. 


1982 
NUMBERS    OF    BENTHIC    MACROl NVERTEBRATES 


^^ 


^ 


A  n  J  J  A  S  0 


N  OlJF  MA  MJ 
SAMPLE  DATE 


J  A  S  0  N  0 


>-*,. 


^^,r-:r:^ 


M  J  J  A  S  0  N  DIj  F  M  a 


^'-r\^ 


MJJASOHQ 


TRANSECT  UR05 

APR  1981  -  DEC  1982 


1800. 
1600. 
1400. 
1200. 
1000. 

800. 

600. 

400. 

200. 
0. 


500 
450.  -I 

400 
'e  350.  \ 
\    300. 

250. 

;2  200.  \ 

o  150. 

"  100. 

50. 

0. 


BIOMASS  OF  BENTHIC  MACROl NVERTEBRATES 


'  1*IU 
H/-  II*. 


0    N    DiJ   FMAMJJASOND 
SAMPLE    DATE 


-^ 


A  M  J  J  A 


S  0 


SAMPLE  DATE 


A  I 
SAMPLE  DATE 


N  DIJ  F  M 


J  J  A  S  0  N 


Figure  4.^-18  Numbers  and  biomass  of  benthic  nacroinvcrtcbrates  by 
functional  group  and  totals  for  White  River  Transects  WR03,  WR05 
from  April,  1981  to  December,  1982. 
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Figure  A.A-19  Numbers  and  blomass  of  benthic  macroinvertebrates  by 
functional  group  and  totals  for  White  River  Transects  WRl8,  WR20 
from  April,  198I  to  December,  1982. 
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Figure  A. 4-20  Numbers  and  bionass  of  benthic  nacrolnvertebrates  by 
functional  group  and  totals  for  White  River  Transects  WR27,  WR29, 
from  April,  1981  to  December,  I982. 
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riffle  transects. 

In  this  analysis,  some  months  were  shown  to  be  significantly  different 
when  all  riffle  transects  were  included.  Biomass  was  higher  in  July  and 
August,  1981  than  other  months  (p<0.05)  while  numbers  in  July,  1981  were 
higher  than  all  months  except  August,  1981  (p<0.05). 

Considering  these  parameters  for  WR18  alone  by  months  differences  were 
also  found.  Biomass  was  higher  in  May  and  July,  1981  than  during  the  same 
months  in  1982  (p<0.05).  Numbers  were  higher  in  July  and  August,  1981  than 
during  the  same  months  in  1982  (p<0.05).  When  numbers  and  biomass  occurring 
on  WR18  were  compared  by  years  and  months  in  a  two-way  ANOVA,  both  were 
significantly  higher  during  1981  than  1982  (p<0.01,  p<0.005,  respectively). 
There  were  significant  differences  for  both  parameters  among  months  as  well. 
Numbers  and  biomass  were  higher  in  July  than  in  April,  May,  June,  October, 
and  November  (p<0.05),  while  August  biomass  was  higher  than  in  April,  June, 
October,  and  November  (p<0.05).  August  numbers  were  higher  than  in  November 
(p<0.05). 

The  difference  shown  between  riffle  transects  using  ANOVA  indicates 
problems  in  using  a  control -treatment  design  directly.  A  relationship  taking 
into  account  the  normal  differences  between  WR27  and  the  transects  WR03  and 
WR18  would  be  necessary  in  order  to  construct  an  appropriate  model  for  using 
the  control -treatment  impact  detection  method  such  that  no  difference  exists 
during  normal  (impact-free)  periods.  Sensitivity  will  have  to  be  increased 
through  reduction  of  sample  variability  before  impacts  can  be  detected  on  any 
time  scale  less  than  years.  An  investigation  to  achieve  this  result  will  be 
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conducted  during  1983.  Relocation  of  the  downstream  transect  WR27  to  achieve 
a  more  stable  habitat  will  be  considered  as  well. 

The  omnivore  functional  group  was  higher  in  numbers  and  biomass  in  all 
three  riffle  transects  during  1981  and  1982  than  any  other  group.  This  group 
of  organisms,  being  "generalist"  in  nature  were  better  able  to  cope  with  the 
variable  environment  of  the  White  River  during  these  two  years.  Biomass  of 
predators  was  important  during  times  when  total  biomass  and  numbers  were 
high,  generally  during  the  more  productive  summer  periods.  Herbivores  became 
significant  during  periods  of  high  primary  production  and  favorable 
temperatures,  principally  the  summer  of  1981. 

Numbers  and  biomass  of  benthic  macroinvertebrates  were  generally  low  in 
the  pool  transects  during  both  years  when  compared  to  the  riffles.  There  was 
no  apparent  pattern  to  the  distributions  through  time.  A  large  number  of 
individuals  was  found  in  WR20  during  July,  1982.  This  was  principally  due  to 
the  presence  of  a  highly  productive  backwater  on  this  transect  during  this 
period.  Functional  groups  were  dominated  by  omnivores  as  in  the  riffle 
transects. 

4.4.5.3.  Drifting  Macroinvertebrates.  An  important  recolonization 
method  for  macroinvertebrates  is  their  ability  to  drift  downstream  with  the 
current  and  invade  new  substrates.  The  species  richness  found  in  drift 
samples  during  1981  and  1982  is  shown  in  Figure  4.4-21.  Richness  in  the 
drift  appeared  to  be  high  when  discharge  was  high  and  scouring,  either  by 
silt  or  ice  was  occurring.  Apparently,  the  effects  of  these  natural 
perturbations  were  felt  by  most  taxa  inhabiting  the  river.  Numbers  and 
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Figure  A. 4-21  Species  richness,  numbers,  and  biomass  of  macro-- 
invertebrates  drifting  per  square  meter  of  river  cross-section 
in  the  White  River  at  Ignatio  Bridge  and  Southam  Canyon  from 
August,  1981  to  October,  I982.   Total  numbers  and  numbers  by 
functional  group  are  presented. 
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biomass  were  high  during  upper  basin  runoff  during  1982  but  were  apparently 
unaffected  by  storms.  Functional  groups  reflected  the  distribution  observed 
in  the  benthic  populations. 

4.4.6.  Decomposers.  The  decomposers  are  important  in  the  breakdown  of 
organic  matter  through  their  metabolic  activities  which  result  in  recycling 
of  nutrients  within  the  system.  They  are  also  an  important  energy  source  for 
many  of  the  macroinvertebrates  present  in  the  White  River.  The  rates  of 
decay  of  leaf  litter  have  been  shown  to  respond  to  nutrients  and  depend  upon 
the  initial  nutrient  content  (nitrogen  and  phosphorous)  of  material  used 
(Elwood  et  al.   1981,  Nelson  1982). 

Figure  4.4-22  shows  the  relationship  between  decomposition  rate,  and 
degree  days  of  exposure  in  the  White  River.  Data  points  shown  do  not  include 
packs  in  the  river  after  April,  1982.  This  was  due  to  silting  problems  which 
occurred  and  reduced  the  decomposition  rates  for  these  packs  markedly. 
Nelson  (1982)  found  that  silting  and  consequent  anoxic  conditions  can 
drastically  slow  decomposition  rates.  These  problems  will  be  corrected 
during  the  1983  program. 

In  general,  decomposition  rates  were  consistent  and  provided  a  good 
linear  relationship  with  degree  days.  This  relationship  retains  good 
potential  as  a  monitoring  parameter  to  characterize  the  decomposition  process 
in  the  White  River.  Factors  controlling  this  relationship  will  be 
investigated  further  during  1983  and  the  sampling  methodology  further  refined 
to  eliminate  silting  problems  and  bring  this  parameter  to  operational  status. 
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Figure  4.^-22   Leafpack  decomposition  for  leafpacks  at  Transect 
WR18  in  the  White  River.   Data  from  leafpacks  placed  in  the 
river  during  October  thru  December,  I98I  and  withdrawn  during 
October,  198l-March,  1982. 
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4.5.   SPECIAL  STUDY-METALS  IN  THE  WHITE  RIVER 

4.5.1.  Introduction.  In  the  aquatic  environment,  the  concentrations  of 
trace  elements  (ppb)  are  very  low  (Riley  and  Chester  1971)  although  higher 
concentrations  can  occur  in  rivers  and  lake  systems  associated  with  natural 
metal  sources.  These  metal  sources  can  substantially  increase  the  heavy 
metal  concentrations  above  levels  normally  encountered  by  the  aquatic 
biocoenosis.  Increases  in  both  the  essential  (copper,  zinc,  iron,  and  other) 
and  nonessential  (lead,  cadmium,  mercury,  arsenic,  and  other)  trace  metals 
may  play  an  important  role  in  regulating  both  the  structure  (Zanella  1982) 
and  function  (Medine  and  Porcella  1980)  of  the  aquatic  ecosystem. 
Furthermore,  investigations  of  heavy  metal  pollution  of  the  environment  have 
shown  that  depending  on  the  compartment  studied  (water,  suspended  matter, 
sediment)  the  results  can  lead  to  different  interpretations  regarding  the 
toxicity  of  the  metal  concentrations  measured  with  respect  to  the  aquatic 
biota. 

It  has  been  suggested  that  where  possible,  any  investigation  of  the 
impacts  of  heavy  metal  enrichment  on  the  aquatic  environment  simultaneously 
determine  the  metal  concentrations  in  as  many  trophic  levels  as  possible 
(Forstner  and  Whittman  1981)  and  determine  the  functional  responses  of  the 
ecosystem  to  elevated  metal  concentrations  (Medine  et  al.  1980). 

Previous  studies  (WRSOC  1974-1982)  have  indicated  that  the  White  River 
(Utah-Colorado)  receives  periodic  heavy  metal  loads  associated  with  storm 
events  within  its  watershed.  The  White  River  system  (Figure  4.5-1)  drains 
approximately  10,240  km*^.  This  area  has  not  been  intensively  developed. 
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although  deposits  of  oil  shale  from  the  Green  River  formation  (Piceance  Creek 
and  Unita  Basins)  are  presently  being  mined  but  have  not  been  retorted.  The 
dominant  surficial  deposits  within  the  drainage  area  are  lacustrine  sediments 
from  Lake  Unita  (Paleocene  Epoch)  which  consist  of  marlstones  dominated  by 
dolomite  and  calcite.  These  marlstones  and  their  associated  outcrops  of  oil 
shale  appear  to  be  the  major  source  of  these  metals. 


Green  River 


f. 


Southam  Canyon 
Site 


-Evacuation  Creek 
Site 


Figure  ^.5-1  The  location  of  the  three  sample  sites  on  the  White  River 
(Utah  -  Colorado) . 


The  naturally  occurring  periodic  heavy  metal  loads  provided  a  unique 
opportunity  to  investigate  the  response  of  an  undisturbed  aquatic  ecosystem 
to  elevated  heavy  metal  concentrations.  The  objectives  of  this  study  were 
to: 

•  Determine  the  spatial  distribution  of  selected  heavy  metals  within 
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the  trophic  structure  of  the  White  River  ecosystem. 

•  Define  the  baseline  conditions  within  the  White  River  prior  to  energy 
development  (oil  shale)  within  the  drainage  basin, 

•  Experimentally  determine  the  functional  response  of  the  White  River 
ecosystem  to  heavy  metal  loadings. 

•  Compare  the  results  obtained  from  the  White  River  to  other  natural 

and  disturbed  aquatic  systems. 

4.5.2.  Materials  and  Methods.  Three  sites  were  selected  along  the 
middle  course  of  the  White  River  (Figure  4.5-1).  The  upstream  site  was  in 
the  White  River  at  Cowboy  Canyon  and  represented  an  area  of  the  river  above 
major  outcrops  of  raw  shale  (Green  River  Formation).  The  intermediate  site 
(in  the  White  River  below  Evacuation  Creek)  was  selected  because  of  its 
location  relative  to  the  only  perennial  tributary  along  this  section  of  the 
White  River  (four  miles  below  Cowboy  Canyon)  and  the  presence  of  raw  shale 
outcrops  within  the  river  itself.  Previous  studies  have  indicated  that 
Evacuation  Creek  contained  elevated  levels  of  dissolved  heavy  metals  during 
storm  events  (WRSOC  1974-1982).  The  lower  site  sampled  (in  the  White  River 
below  Southam  Canyon)  was  10  miles  downstream  from  the  Evacuation  Creek  site 
and  was  adjacent  to  the  Federal  Lease  Tracts  Ua-Ub. 
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4.5.2.1.  Field  Methods.  At  each  site,  a  rocky  substrate  area  was 
selected  for  sample  collections.  Periphyton  was  scraped  or  picked  from  the 
rock  substrates,  placed  in  plastic  bags,  frozen,  and  returned  to  the 
laboratory.  In  a  similar  manner,  rocks  which  contained  a  white  precipitate 
were  scraped  in  the  field,  placed  in  a  plastic  bag,  frozen,  and  also  returned 
to  the  laboratory.  Macroinvertebrate  samples  were  collected  with  a  1380  cm^ 
modified  Hess  sampler  (0.25  mm  nitex  mesh),  frozen,  and  returned  to  the 
laboratory.  Coarse  detritus  was  collected  concurrently  with  the 
macroinvertebrate  samples.  Substrate  sediment  samples  were  collected  from 
the  stream  bottom  and  returned  to  the  laboratory  for  drying  and  screening 
(<0.25  mm).  Fish  were  collected  by  seining  at  each  site,  frozen,  aad 
returned  to  the  laboratory  for  processing. 

Production/respiration  experiments  were  conducted  at  the  Southam  Canyon 
sites  using  16  liter  in  situ  clear  recirculating  plexiglass  chambers 
developed  by  ERI  (1981). 

4.5.2.2.  Laboratory  Methods.  Periphyton,  precipitates,  sediments, 
macroinvertebrates,  detritus,  and  fish  were  separated,  air  dried,  and 
homogenized.  The  solid  samples  were  then  analysed  for  their  metal  content. 

The  procedure  involved  a  nitric  acid  and  hydrogen  peroxide  digestion  of 
the  samples  in  a  Tecam  block  digestor  with  a  subsequent  analysis  using  an 
Instrumentation  Laboratory  model  551  AA  equipped  with  an  IL  254  fastac 
autosampler  and  an  IL  555  graphite  furnace.  Results  indicated  wery   little 
contamination  from  the  reagents  and  the  milli-q  water  used  in  the  process. 
All  glassware  was  thoroughly  washed  and  then  soaked  overnight  in  1:1  HCL  and 
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rinsed  three  times  with  milli-q.  Hot  1:1  nitric  acid  (ultra-pure)  was  added 
to  each  piece  for  an  additional  24  hours  soaking.  Final  preparation  included 
three  rinses  with  milli-q  and  one  more  soak  with  1:4  HN03  and  three  final 
rinses  with  milli-q  reagent  grade  water. 

Copper  and  zinc  were  determined  using  the  flame  atomizer  and  the  fastac 
autosampler  due  to  the  high  levels  in  the  liquid  extract.  Dried  samples  were 
weighed  to  the  nearest  10"^g  prior  to  digestion. 

4.5.3.  Results 

4.5.3.1.  Trophic  level  metal  accumulations.  Seven  separate 
compartments  and  six  metals  were  determined  at  the  three  study  sites  in  the 
White  River.  Table  4.5-1,  which  represents  the  mean  +_  S.E.  for  all-  sites 
sampled  indicated  the  highest  average  metal  contents  were  found  in  the 
macroinvertebrates  for  all  metals  except  lead.  Within  this  trophic  level,  Zn 
(275  ug/g)  and  Cu  (92.1  ug/g)  were  found  in  the  highest  concentrations 
followed  by  Cr  (72.5  ug/g),  Ni  (47.5  ug/g),  Pb  (20.4  ug/g),  and  Cd  (12.9 
ug/g).  The  trophic  levels  with  the  lowest  concentrations  for  a  given  metal 
were:  algae  (Cu);  fish  (Pb,  Cr,  and  Ni);  and  the  carbonate  precipitate  (Zn 
and  Cd). 

A  spatial  comparison  of  the  metal  levels  by  trophic  groups  (Table  4.5-2; 
4.5-3  and  Figure  4.5-2)  indicated  that  in  the  abiotic  groups  (carbonate 
precipitate  and  the  fine-detritus  sediment  fraction),  metal  concentrations 
did  not  change  with  distance  downstream.  However,  within  the  biological 
components  of  the  ecosystem  structure,  change  by  sample  site  did  occur.  For 
example,  the  metal  concentration  in  fish  increased  with  distance  downstream 
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Table  ^.5-1   The  heavy  metal  concentrations  in  the  ecosystem 
components  of  the  White  River,  Utah.   Data 
col lected  on  A-25-82. 


Parameter 


Metal  Concantratlent  («  *  S.I.;  ug/g  O.W.) 
td         Cr Cu >b  III 


In 


Water  (09/!)  *" 

Precipitate  (CaCOj) 

(0 

Fine  Detrltus-scdlmntt 

(3) 

Coarie  Detritus 

(2) 

Algae 

(*) 

Hacrolnvcrtebratca 

Predators 

(2) 

Coarse  Part.  Feeders 

(1) 

Total  Hacrolnvertebrates 

(&) 

Fish 

Flannelmouth 

(2) 

Chubs 

(5) 

Blueheads 

(2) 

Speckled  Dace 

(0 

Total  Fish 

(ID 

.!3tl.07*  J.l**.S5  2.t$*.W     .M*.2t  3.*7l.7J  l*.0»*.J 

.$8*.3S  38.5iU.2  l6.9^3.(  10.3*^.8*  I9.»lt.2  23.S»7.1 

l.05i.20  (7.Sil2.2  15.2*1.01  3$.tl3.53  2*.8*l.*7  78.1*5.* 

2.W*.J5  2J.1+2I.J  122.1*1**  I7.**t7.j  2*. 7*27. 5  206*52 

l.29*.2l  5e.i*l6.0  1*.6*9.8  22.**3.(  23.9*8.5  83.2*ii8.3 

l». 3117.1  85.**I07  5<.*13*  28.8*32  37.8**5  219*39 

1.(1  (0.5  *3.*       8.8        35.1       226 

12.9*15.9  72.5*57.*  92.1*62.5  20.**16.7  *7.5*36.2  275*76.7 

1.67*0.1  13.89*13.5  I2.**1.9     3.63*0.31  6.01*^.0  118.1*26.7 

2.35*2.1  8.08*7.3  26.6*3*  2.35*1.59  3.93*1.98  265196.6 

1.07l.*3  5.1711.6  t6.*i2.62  2.521.021  2.52l.*8  7351.28 

0.93  1.26  10.2       0.79        1.96       218 

1.9**1.5  7.79*7.3  18.6*22.9  2.***1.26  *.98**.*  193*102 


(1)  mean  dissolved  netal  concentrations  (rem  19*9-1982  (WKSOC  1982). 

(for  all  metals  sampled)  whereas,  the  coarse  detritus  decreased  with  distance 
downstream  for  all  metals  except  Cd.  The  algae  remained  approximately  equal 
in  concentrations  with  macroinvertebrates  being  split  between  metals.   In 
macroinvertebrates,  zinc,  copper,  and  lead  increased  with  distance 
downstream,  while  cadmium,  nickle,  and  chrome  decreased. 

The  concentration  of  metals  within  the  fish  trophic  structure  was 
further  refined  to  include  species  with  different  food  habits  (Table  4.5-3). 
As  noted  above,  average  metal  levels  for  this  group  of  fish  increased  with 
distance  downstream. 

It  is  interesting  to  note  that  because  of  the  large  sample  size 
available,  two  age  groups  of  the  roundtail  chub  (Gila  robusta)  were  studied. 
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Table  A.5"2     The  concentration  of  metals    in  various   trophic 
categories  in  the  White  River  on  A-25-82. 


COWBOY  CANYON 

Cd 

Metal  Com 

:entration 

(ug/g  dry  wel 

Iqht) 

Cr 

Cu 

Pb 

Ni 

Zn 

Precipitate 

.17*. 12 

itO.9+20.3 

12.9+1.8 

5.7H0.27 

2'). 6+6.0 

26.2+1..'. 

Algae 

~ 

~ 

~ 

— 

— 

~ 

Fine  Oetri  tus(sedlnient) 

0.82 

62.2 

19.8 

36.2 

25.8 

77.2 

Coarse  Detritus 

.. 

.. 

— 

— 

— 

— 

Macrolnvertebrates         -"  ~"  ~~  "~ 

(All  Species) 

Fish  (All  Species)     1.51+0.'.'.    '..35+1.03     9.9+1.5     1.9?10.'.6    5.11+2.75     15'.+25.5 


BELOW  EVACUATION  CREEK 

Metal  Concentration  (ug/g  dry  weight) 


Cd 

Cr 

Cu 

Pb 

Ni 

Zn 

Precipitate           0 

.9?10. 

2 

'.3. 5+1'.. 6 

17.8+0. 

k 

11,9+1.6 

20.2+0. 

6 

29.2+0.6 

Algae 

1.05 

'.6.2 

17.'. 

27.0 

17.9 

Sk.y 

Fine  Detri tus (sediment) 

1.11 

58.9 

18.0 

31.'* 

22.7 

73.1 

Coarse  Detritus 

1.80 

'.'..6 

203 

30.2 

'.'..2 

2'.3 

Macro  In vertebrates 
(All  Species) 

39.1 

117.0 

79.2 

19.9 

103.0 

25'. 

Fish  (All  Species)     1 

.5'.+0. 

26 

5.17+0.76 

13.8+2, 

2 

1.75+0.37 

3.13+1. 

07 

185.5+57. 

SOUTHAM  CANYON 

Metal  Concentration  (ug/g  dry  weight) 
Cd 

Precipitate  0.58+0.01 

Algae  1.42 

Fine  Oetritus(sedlinent)   1.22 

Coarse  Detritus         3«15 

Macrolnvertebrates     9.06+5.19 
(All  Species) 

Fish  (All  Species)     3.07+1.50   16.77+5.56    37. 9+2'.. 5    3.87+0.56    6.59+1.71   266.7+89.2 


Cr 

Cu 

Pb 

.   Ni 

Zn 

31.0+0. 

01 

20.1+1.5 

13.5+0.2 

18.710. 

01 

25. 71'.. 9 

'•9.9 

12.6 

21.0 

17.'. 

50.8 

81.6 

19.7 

39.2 

25.8 

-   8'.. 2 

13.5 

'.1.1 

'..9'* 

5.27 

169 

6'.. 6 

206.0 

23.5 

55.7 

335 
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Table  A. 5-3  The  concentration  of  heavy  metals  in  the  various  fish 
captured  in  the  White  River  on  A-25~82. 


Location 


Fish  Species 


Metal  Concentrations  (ug/g  dry  weight) 
Cd       Cr       Cu       Pb       Ni       Zn 


Cowboy  Canyon 


Below  Evacuation 
Creels 


Southam  Canyon 


Flannel mouth 
sucker 

Bluehead  sucker 

Roundtail  chub^ 

Speckled  dace 

Bluehead  sucker 
Roundtail  chub^ 
Roundtail  chub^ 

Flannelmouth 
sucker 

Roundtail  chub^   26 

Roundtail  chub^    1 


1.60 


1.75 


lt.23  11.0  3.«»1 


23.5 


13.8 


3.85 


l.Uit 


9.58 


137.0 


0.76 

it. 03 

H.5 

2.53 

2.18 

73.3 

1.07 

A. 37 

8.1 

1.23 

2.91 

l'«3.Q 

0.93 

1.26 

10.2 

0.79 

1.96 

218.0 

1.37 

6.30 

18.2 

2.50 

2.86 

73.7 

2.06 

6.01 

12.2 

1.91 

5.12 

26'..0 

1.19 

3.21 

11.1 

0.86 

l.'«3 

219.0 

99.2 


y.ito 

5.73 

12.9 

2.93 

3.63 

297.0 

6.07 

21.1 

87.0 

k.Bk 

6.56 

ItO't.O 

'    size  range  ('♦5"70  mm) 
2  size  range  (73"200  mm) 
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Figure  4.5-2  The  concentration  of  heavy  metals  (ug/g  d.w.)  in 
each  compartment  studied  in  the  White  River.   CC  =Cowboy 
Canyon  Site,  EC  =  Evacuation  Creek  Site,  SC  =  Southom  Canyon  Site. 
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The  smallest  size  class  (45-70  mm)  increased  in  metal  concentrations  when  the 
Cowboy  Canyon  and  Evacuation  Creek  sites  were  compared.  This  same  size  group 
of  fish  captured  at  the  downstream  site  (Southam  Canyon)  had  intermediate 
metal  concentrations  compared  to  the  Evacuation  Creek  and  Cowboy  Canyon.  The 
adult  fish  (73-200  mm)  captured  at  Southam  Canyon  had  increased  metal 
contents  2-8  times  greater  than  fish  captured  at  the  Evacuation  Creek  site. 

4.5.3.2.   In  situ  production/respiration  studies.  Two  separate  in  situ 
production/respiration  experiments  were  conducted  in  the  White  River  at  the 
Southam  Canyon  site.  The  first  experiment  (P/R  #1)  was  conducted  between 
6-30-82  and  7-2-82  and  corresponded  to  upper  basin  runoff  (Figure  4.5-3). 
During  this  time  period  conductivities  (380  umohs/cm)  were  at  their  .lowest 
and  total  suspended  solids  are  at  their  highest  (1298  mg/1 )  levels  (Figure 
4.5-4).  During  the  control  run  (first  24  hours)  net  production,  respiration, 
and  gross  production  (mg  O^/m  /day)  were  determined  for  the  three  identical 
chambers.  At  the  beginning  of  the  second  day,  a  low  level  of  copper  (10 
ug/1),  high  level  of  copper  (50  ug/1),  and  a  spent  oil  shale  leachate  (which 
increased  the  conductivity  in  the  chamber  30  umohs/cm)  was  added  to  each 
chamber.  The  results  (Table  4.5-4)  indicated  that  the  higher  the  copper 
concentration  added,  the  greater  the  stimulation  of  net  (158%)  and  gross 
(131%)  production  when  compared  to  the  control  runs.  Respiration  was 
inhibited  by  the  presence  of  these  metal  concentrations.  Spent  shale 
leachate  had  the  greatest  stimulation  in  net  production  (230%),  respiration 
(117%),  and  gross  production  (182%).  Dissolved  metals  were  determined  in  the 
White  River,  initial  concentrations  in  the  P/R  chambers,  one  hour  after 
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start,  and  24  hours  after  start.  These  concentrations  can  be  seen  in  Table 
4.5-5.  These  data  indicate  that  copper  and  zinc  were  rapidly  removed  from 
solution  within  one  hour  after  addition,  whereas,  chrome  increased  in 
concentration.  The  major  mechanism  was  believed  to  be  the  adsorption  and 
desorption  from  the  large  quantity  of  suspended  sediments.  Further 
investigations  are  being  conducted  on  this  mechanism  of  metal  removal. 
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Figure  i*. 5-3  The  discharge  of  the  White  River  near  Asphalt  Wash 
(near  Southam  Canyon)  during  I98I  and  1982.   Time  periods  for 
the  two  P/R  experiments  are   given  (6-3O-82  and  II-3-82). 


A  second  in  situ  production/respiration  experiment  (P/R  #2)  was 
conducted  during  a  baseflow  period  (11-3-82  to  11-5-82).  During  this  time 
period  conductivities  were  at  their  highest  (610  umohs/cm)  and  total 
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Figure   k.S~^  "^^^   conductivities    (umohs/cm)    and   total    suspended 
solids    (ug/1)    in   the  White   River   at   Southan  Canyon   during 
the   study   period    in   I982. 
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Table  ^.5"^  The  net  production,  respiration,  and  gross  production 
estimates  from  the  control  and  treatment  chambers  in 
the  White  River,  Utah.   Experiments  were  conducted 
between  6-30-82  and  7-2-82. 


Control  Run(mg  O^/mZ/day)  With  Add  it  Ions (mq  07/m2/dav) 


Ne^    Respiration   Gross_        Treatments  Net(^)*     Respl rat  ion (^)   Gross(^) 

^'5       '*^^  "'5''        #3  Low  Cu-^  USSdSSl)     /.18{86%)     1951(131%) 


*^0       366       IOA'4        #5  High  Cu++  977(1601) 


268  (73%)     1295(12U) 


'•^^       318        7'.1         #8  on  Shale  976(230%)      371(117%)    13'.7(l82%) 

Leachate 


n  -  represents  the  %   of  the  control,  with  the  control  being 
expressed  as  the  previous  days'  production-respiration 
experiment.   100%  indicates  that  the  control  and  treat- 
ments were  equal . 


Table  4.5-5  The  soluble  concentrations  of  Cu''"2,  Cr"^^,  and  Zn"*"^ 
in  the  experimental  production/respiration  chambers 
in  the  White  River  between  6-30-82  and  7-2-82. 

Soluble  Metal  Concentrations  (ug/l) 
Cu-*-*-(ug/l) Cr'*^(ug/I)  Zn'^(ug/1) 


Treatment 


lnltial(2)ihr        Z^thrs  In  1 1  ia|(2)ihr       Z^thrs  Inl  t  ial(2)ihr        2'«hr« 


Control  O  —     3.i»    7.1        —    10.5     8.1 


5.1    10.2 


Low  Cu"^  12.0  8.1  11.0  8.8  16.8  13-5  25.1   5-9  8.3 

High  Cu^^  52.0  22.6  23.2  8.8  21.5  17.5  25.1  1'».7  7-2 

Spent  Oil 

Shale  Leachate  —  2.2  7.3  —  g.Q  6.8       —  H.l  6.0 

White  River  2.0  —  2.2  6.8  --  7.2       5.1  —  7.1 


y)      mean  values  for  the  control  run  (previous  days  P/R  experiment) 
v2)  calculated  by  known  mass  addition  and  chamber  volumes 
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suspended  solids  were  at  their  lowest  concentrations  (400  mg/1).  The 
experimental  procedure  was  the  same  as  the  previous  experiment  except  for 
different  treatments.  During  this  experiment,  four  chambers  were  used  with 
the  following  treatments:  (1)  no  additions,  (2)  EDTA  (5x10'^  M),  (3)  low 
metal  additions,  and  (4)  high  metal  additions.  The  results  of  the  control 
run  (first  24  hours)  and  the  experimental  run  with  additions  can  be  seen  in 
Table  4.5-6.  EDTA  and  the  control  chamber  had  no  significant  differences. 
Low  metal  additions  stimulated  net  production,  gross  production,  and 
respiration,  whereas,  high  metals  inhibited  net  production  and  stimulated 
respiration.  The  metal  concentrations  (Pb,  Cu,  and  Zn)  were  reduced  within 
the  chambers  during  the  24  hours  of  the  experiment  from  the  initial  .levels 
(Table  4.5-7).  Pb  was  reduced  to  below  detectable  levels  within  8  hours 
after  the  start  of  the  experiment, 

4.5.4.  Discussion.  As  noted  in  the  previous  section,  one  of  the  major 
objectives  of  this  study  was  to  determine  the  spatial  and  trophic-level 
distribution  of  selected  heavy  metals  within  the  White  River  ecosystem. 
Previous  investigations  have  noted  that  certain  physical -chemical 
characteristics  of  a  water  body  can  substantially  affect  the  metal  ion 
concentrations  within  the  water  and  therefore,  the  subsequent  effect  of  the 
metal  upon  organisms  (Figure  4.5-5).  Dissolved  oxygen  and  temperature  (Lloyd 
1965),  pH  (Whitley  1968),  redox  potential  (Reinhart  and  Forstner  1976), 
hardness  (Schweiger  1956),  organics-metal  ion  interactions  (Sprague  1968), 
complexation  (Brown  and  Shaw  1974),  and  the  chemical  characteristics  of  the 
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Table  k.5~(>     The  net   production,    respiration  and  gross   production 
estimates   from   the  control    and   treatment   chambers    in 
the  White  River,   Utah.      Experiments  were  conducted 
between   11-3-82  and   11-5-82. 


Con 

trol  Run(M|  0;/a2/dav 

N£l 

Resplrtt Ion 

Jro.f 

Tr««fenti 

810 

J«7 

I03i 

/I  Mo  Additions 

6*7 

30( 

867 

n   EBTA 

7*1 

298 

95* 

/)  Low  Hatal 

35* 

165 

*5J 

f*  Nigh  Natal 

With  Additions  (»q  Oj/m^/dav 

Hum*      KeSDlratlonfll   6ro»sfl> 

9$i(n7») .  J17  (toot)  Il77(n*t) 

768(1 I9t)  330  (I09t)  I00*(ll6t) 

96*(l30t)  30*  (I02t)  tl8l(l23t) 

3ll(88t)  237  (l**t)  *S3(IOOt) 


X  -   reprastnts  tha  I   of  tha  control  with  tha  control  baing 
axpressed  as  tha  pravlous  days  productlon-rasplratlon 
axpcrlacnt.   lOOt  Indtcatas  that  tha  control  and  traat- 
■ents  tiara  aqual. 


Table  A. 5-7  The  soluble  concentrations  of  Pb,  Cu,  and  Zn  in  the 
experimental  production/respiration  chambers  in  the 
White  River,    Utah   between   II-3-82  and    II-5-82. 


Solubia  Natal  Concentrations  (ug/l) 


Trcatawnt 

Initial 

Shrs 

2*hrs 

Initial 

8hrs 

2*hrs 

Initial 

8hrs 

2*hrs 

No  Additions 

1.0 

<o.s 

<0.S 

7.0 

7.0 

7.6 

25.0 

11.5 

10.3 

COTA 

1.0 

<0.5 

<0.5 

7.0 

5.6 

*.6 

25.0 

11.0 
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individual  metal  species  (Stumm  and  Morgan  1970)  have  been  considered  to  be 
dominant  factors  in  determining  the  effect  of  heavy  metals  on  organisms. 
Furthermore,  several  studies  have  noted  that  biotic  factors  may  play  an 
important  role  in  determining  the  response  of  an  aquatic  community  to  heavy 
metal  enrichment.  Factors,  such  as  the  organisms'  life  cycles  (Lovett  et  al 
1972),  seasonal  variations  induced  by  primary  producers  (Morris  1971), 
contamination  of  food  (Flegal  and  Martin  1977),  and  the  mobility  of  the 
organism  (Nisimura  1974)  have  been  shown  to  be  important.  It  is  believed 
that  the  observed  concentrations  of  metals  in  the  abiotic  and  biotic 
components  of  the  White  River  ecosystem  are  the  result  of  many,  if  not  all  of 
the  above  factors.  A  specific  discussion  relative  to  each  compartment  will 
further  investigate  these  possible  mechanisms. 
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Figure  ^.5-5  The  natural  phenomena  which  may  affect  the 
concentrations  of  heavy  metals  in  natural  environments, 
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4.5.4.1.   Inorganic  Environment  (Calcium  Carbonate  and  Fine  Detritus 
Sediments).  The  coprecipitation  or  adsorption  of  trace  metals  with  calcium 
carbonate  has  been  documented  in  the  literature  (Patchineelam  1975).  In  the 
White  River,  the  CaCO^  precipitate  contained  substantial  amounts  of  metals 
(Table  4.5-1).  Chrome  was  in  the  highest  concentration  of  the  metals  studied 
while  cadmium  was  the  least  concentrated.  A  further  inspection  of  the  fine 
detritus  inorganic  sediments  (which  also  contained  CaCO^  particles  as  well  as 
other  minerals)  indicated  the  same  pattern.  The  magnitude  of  the  metal 
concentrations  in  this  inorganic  phase  (Table  4.5-1)  when  compared  to 
literature  values  (Table  4.5-8)  indicate  that  chrome  and  nickel  were  in 
concentrations  equal  to  or  above  those  in  contaminated  systems.  Cad.mium  and 
copper,  although  higher  than  background  values  were  not  in  concentrations 
equal  to  contaminated  river  sediments.  Lead  and  zinc  were  equal  to 
background  concentrations  from  other  uncontaminated  systems. 

In  Table  4.5-9,  the  concentration  factors  (water  to  sediments)  based 
upon  the  average  dissolved  metal  concentrations  in  the  White  River  from 
1949-1982  (WRSUC  1982)  matched  the  sequence  of  divalent  metal  concentrations 
(Pb>Cu>Ni>Zn>Cd)  found  by  Mitchell  (1964)  and  Reynolds  (1935).   It  appears 
that  Pb,  which  had  the  highest  concentration  factor  in  the  sediments,  and 
lowest  concentration  in  the  water,  has  the  ability  to  preferentially  compete 
for  exchange  sites  on  the  sediment  clays  and  desorb  other  metals  such  as  Cd 
and  Zn  (Soong  1974).  The  general  sequence  in  order  of  decreasing  ability  to 
exchange  is  Pb>Cr>Cu>Ni>Zn>Cd.  This  represents  the  same  sequence  observed  in 
the  concentration  factors  (Table  4.5-9). 
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Table     2^.5-8     The  concentrations  of  Cd,   Cr,    Cu,    Pb,    Ni,    and   Zn 
for  various  components  of   the  aquatic  ecosystem 
from  selected   studies. 


Ecosystem  Site 

Inorganic  phases 
Sed  tment s 


Sediments 


Sed  iments 


Sediments 


Organic  phases  (peri 
Cladophora 


Cladophora 


C ladophora 


Geographical 

Locat  ion 


Menominee  River  (Michigan) 
background 
contaminated 

River  Etherow(England) 

background 
contaminated 

Swiss  Rivers 
background 
contaminated 

Lake  Powel 1 

background 
contaminated(lab) 

phyton) 

Vermillion  River  (Illinois) 
background 
contaminated 

Lake  Ontario 
background 
contaminated 

Leine  River/FRG 
background 
contaminated 


Metal  Concentration  ug/g  dry  weight 


Pb        Ni        In  Reference 


0.1       10.5      10.0      Hi}       B.2       Oi    Lee  et  al.  (1982) 
5.3      23.7     37.0     315     19.9      230 


2. It       9.6      10.0      S*      —       7't.O   Say  et  al.  (1981) 
23.0      99.6      72.0     200      —       l*gbO 


^0.3       —        "      '>'50       —       '^^75.0   Vernet  et  al. 
<  9      "       —     100-300    —     225-750     (1977) 


2.55      19.2      —        60.0      —        12.5   Medine  t  Porcella 
k.bO  Itl.O  —      104.0      —       266        (1980) 


111.9       Ii6       —     Leiand  and  McNurney 
3'<7      265      —         (197M 


H       --        d.U  12.2      —         8.2    Keeney  et  al. 

3.9      -       7.2       9.5    —       23.7      (1976) 


0.29      "       9.1       5.2      11.9      62     Abo-Rady   (1977) 

eg*    —     23.0     49-2    23.8    190 


Organic  phase  'nacre 
Asei lus 


Brachycentrus 


Hydropsyche 


Gammarus 


nvertebrates) 

Elsenz  River  (F.O.R.) 
background 
contaminated 

Sacramento  River  (California) 
background 
contaminated 

Sacramento  River  (California) 
background 
contaminated 

River  Werra  and  Weser 


Organic  phase  (fish) 
Blue  gill 
Warmouth 
Largemouth  bass 
Redfin  pickerel 
Lake  chubsucker 

Shorthorn  sculpin 
Artie  Char 


0.'i7 
2.97 


<  2.0 
5.8 


?2.0 
5.5 

0.18-0.77 


Skinface  Pond  (So.  Carolina) 

Skinface  Pond  (So.  Carolina) 

Skinface  Pond  (So.  Carolina) 

Skinface  Pond  (So.  Carolina) 

Skinface  Pond  (So.  Carolina) 

Strathcona  Sound  (Northwest 

Terri  tories) 

Strathcona   Sound (Northwest 

Territories) 


1.0-1.6 
1.6-2.3 


19.91 


159 
155 


168 

2141 


2.69 
16.50 


2.15 

1.10 

2.04 

0.80 

1.88 

0.50 

2.77 

1.10 

2.64 

0.40 

1.6-9.9 

0 

.1-1.2 

1.1-4.2 

0 

.2-0.5 

119 

203 

Prosi  (1977) 

92 

682 

Zanella  (1982) 

178 
1096 

Zanella  (1982) 

Zauke  (1982) 

142 
103 

Wiener  and  Giesy 
(1979) 

75 

216 

79 

28-100 

Bohn  and  Fal  1  is 
(1978) 

14-33 
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Table  ^.5"9  The  concentration  factors  from  water  into  each 
major  component  of  the  White  River  Ecosystem. 
Data  collected  on  ^-2^-82. 


Concentration  Factors  from  Water  (xlO  ) 

Macro- 
Metal       inorganic   Organic   invertebrates    Fi  sh    Highest — » Lowest 


Ni 

0.58 

0.70 

1.36 

0.17 

M  >0>  1 >  F 

Cr 

1.20 

1.6A 

2.30 

0.25 

M>  0>   l>  F 

Cd 

0.42 

1.17 

9.50 

1.42 

M>  F>  0>   1 

Pb 

1.60 

3.93 

3.18 

0.38 

0>  M>  1  >  F 

Cu 

O.Sk 

1.95 

3.50 

0.70 

M>  0>  F>  i 

Zn 

0.17 

0.88 

1.96 

1.40 

M>  F>  0>   1 

HIg 

hest 

Pb 

Pb 

Cd 

Cd 

Cr 

Cu 

Cu 

Zn 

Cu 

Cr 

Pb 

Cu 

Ni 

Cd 

Cr 

Pb 

> 

f 

Cd 

Ni 

Zn 

Cr 

Low 

est 

Zn 

Zn 

Ni 

Ni 
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4.5.4.2.  Organics-Allochthonous  Course  Detritus.  The  passive  movement 
of  heavy  metals  onto  detrital  organics  by  adsorption  has  been  investigated  by 
Rashid  (1974)  and  Jonasson  (1977).  In  general,  the  sequence  of  highest  to 
lowest  concentration  factors,  based  upon  literature  values  are: 
Pb>Cu>Cd>Ni>Zn. 

This  sequence  corresponds  to  the  observed  values  from  the  White  River 
(Table  4.5-9)  for  the  coarse  detritus-organic  phase.  The  similarities  in 
these  two  sequences  may  indicate  that  the  concentration  of  metals  in  this 
organic  compartment  may  be  the  result  of  the  dissolved  metal  concentrations 
and  the  adsorption  ability  and/or  complex  stability  of  the  individual  metal 
species. 

4.5.4.3.  Organics  -  periphyton.  Aquatic  organisms  have  a  requirement 
for  certain  essential  metals  (Cu,  Zn,  and  others),  while  other  metals  (Cd, 
Cr,  Pb,  and  Ni )  are   considered  nonessential.  Recent  studies,  (Davis  1973, 
Vancutsem  and  Gil  let  1982,  Harding  and  Whitton  1981)  have  shown  that  the 
uptake  of  certain  heavy  metals  by  aquatic  plants  was  initially  a  passive 
process  of  adsorption  onto  the  cell  walls.  The  actual  uptake  was  controlled 
by  the  rate  of  diffusion  into  the  cell.  The  concentration  of  metals  in  the 
periphyton  (Cladophora)  from  the  White  River  indicated  that  all  the  metals 
studied  were  higher  than  previously  determined  background  levels  (Table 
4.5-8).   In  several  cases  (Abo-Rady  1977,  Kenney  et  al.  1976)  the  background 
concentrations  in  the  White  River  were  higher  than  contaminated  sites.  It 
should  be  noted,  however,  that  Leland  and  McNurney  (1974)  reported 
concentrations  of  Ni  and  Pb  in  Cladophora  taken  from  a  contaminated  section 
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of  the  Vermillion  River  that  were  10  times  higher  than  those  reported  in  this 
study.  The  concentration  factors  (Table  4.5-9)  for  the  organic  phase  are 
comparable  to  other  literature  values  (Medine  and  Porcella  1980).  As  noted 
above  the  sequence  of  decreasing  concentration  factors  corresponded  to  the 
sequence  of  decreasing  passive  adsorptive  abilities  of  the  specific  metals 
onto  organic  materials. 

4.5.4.4.  Organic  phase  -  macroinvertebrates.  Unlike  the  plants  which 
were  previously  discussed,  there  are  several  ways  in  which  heavy  metals  can 
be  introduced  into  organisms.  In  general,  there  are  three  basic  machanisms: 
(1)  direct  uptake  via  skin  or  gills,  (2)  adsorption  onto  body  tissues,  and 
(3)  from  food. 

It  should  be  noted  that  the  macroinvertebrate  trophic  level  in  this 
study,  contained  a  variety  of  organisms  with  different  food  sources. 
Detriti vores,  herbivores,  omnivores,  and  carnivores  were  included.  However, 
in  each  case  the  food  types  eaten  by  these  macroinvertebrates  contained 
significantly  higher  levels  of  metals  when  compared  to  the  water. 
Furthermore,  several  of  the  dominant  species  from  this  group  were  constantly 
in  direct  contact  with  the  sediments  (where  elevated  metal  concentrations 
were  detected).  It  was  believed  that  because  of  these  factors  and  the 
apparent  lack  of  a  homeostatic  controlling  mechanism,  this  trophic  group  had 
the  highest  metal  concentration  factor  (except  for  Pb)  relative  to  the  water 
(Table  4.5-9).  These  results  are  consistent  with  the  findings  of  Bryan  and 
Hummerstone  (1971)  and  Ayling  (1974).  Cadmium,  which  had  the  highest 
concentration  factor,  was  found  to  be  substantially  higher  than  reported 
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literature  values  for  macroinvertebrates  in  contaminated  rivers.  Zinc  was 
found  to  be  above  background  levels  whereas  Cr,  Cu,  Pb,  and  Ni  are  comparable 
to  other  background  values. 

4.5.4.5.  Organics  -  Fish.  In  comparison  to  literature  values  (Table 
4.5-8),  the  fish  in  the  White  River  contained  substantially  higher  levels  of 
all  metals  when  compared  to  other  uncontaminated  areas.  Experimental  studies 
have  indicated  that  in  most  cases  the  rates  of  metal  uptake  in  fish  have  been 
related  to  the  concentrations  in  the  water  (Pentreath  1973)  and  (more 
importantly)  to  the  metal  concentrations  in  the  food  (Hoss  1964,  Renfro  et 
al.   1974,  Delisle  et  al.   1975).  However,  numerous  studies  have  shown  that 
there  is  no  certainty  that  the  concentrations  in  the  fish  will  refle<:t  those 
of  the  environment  regardless  of  the  metal  source  (water  or  food).  This  is 
especially  true  for  such  metals  as  copper  and  zinc  where  excretion  or  some 
sort  of  regulatory  mechanism  has  been  shown  (Mount  1964;  Brung,  Leonard,  and 
McKim  1973;  Fromm  and  Stokes  1962).  Non-essential  metals  such  as  Cd,  Ni ,  Cr, 
and  Pb  are  not  as  well  regulated  and  can  accumulate  to  levels  10  to  10^ 
times  the  levels  observed  in  the  water  (Table  4.5-9). 

It  was  previously  noted  that  the  concentration  of  all  metals  increased 
in  the  overall  fish  community  with  distance  downstream  (Figure  4.5-2).   It 
was  believed  that  Evacuation  Creek  was  a  major  source  for  several  of  the 
metal  species  found  to  be  present  at  the  Evacuation  Creek  and  Southam  Canyon 
sites  in  the  White  River  (Table  4.5-10). 

4.5.4.6.  Trophic  Level  Accumulations.  There  are  conflicting  results 
from  studies  which  center  around  the  concept  of  food  chain  enrichment  with 
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Table  ^.5"10  The  maximum  observed  concentrations  of  selected 
metals  in  Evacuation  Creek  and  the  White  River. 
Literature  Values  (1949-1982). 


Metal  Concentrations  (ug/1) 


Cd 

Cr 

Cu 

Pb 

Ni 

Zn 

Evacuation  Creek 
(09306^30) 

1 

30 

600 

k 

9 

110 

White  River 
(9306700) 

1 

10 

hS 

5 

12 

130 

heavy  metals.  The  results  presented  here  appear  to  agree  with  the  finding  of 
Enk  and  Mathis  (1977).  Figure  4.5-6  and  Table  4.5-9  indicate  that  to  a 
certain  extent,  metal  concentrations  within  the  trophic  structure  were 
accumulated  above  the  major  food  sources.  The  major  sequence  in  decreasing 
concentrations  were:  Macroinvertebrates>Detritus  organicsMnorganics>^Fish. 

Although  the  various  species  of  metals  studied  exhibited  food  chain 
enrichment  to  various  degress,  macroinvertebrates  generally  had  the  highest 
concentration  and  fish  the  least.  The  interrelationship  between  metal 
content  in  the  surrounding  environment  (water,  sediment,  etc.)  and  the 
ability  to  bioregulate  both  essential  and  nonessential  metals  appears  to  be 
important  regulating  factors. 

4.5.4.7.  Adsorption-Desorption  of  Heavy  Metals.  The  quantitative 
description  of  heavy  metal  adsorption  and  desorption  has  been  and  is 
currently  an  area  of  intensive  research  activity.  It  is  generally  understood 
that  descriptions  of  metal  pathways  and  speciation  must  necessarily  include 
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Figure  ^.5-6  The  trophic  level  accumulations  for  the  selected  heavy  metals 
studied  in  the  White  River.   Numbers  in  parenthesis  (  )  represent 
ug/g  d.w.   While  numbers  by  the  arrows  are  concentration  factors 
between  compartments. 
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the  role  of  adsorption  in  the  regulation  of  metal  concentrations.  Heavy 

metal  accumulation  by  sediments  and  suspended  matter  occurs  by 

physical -chemical  adsorption,  biological  uptake  and  by  physical  accumulation 

of  metal  enriched  particulate  matter  through  sedimentation. 

Physical -chemical  adsorption  on  suspended  particulates  and  sediment 

accumulation  of  metal  enriched  particulates  appear  to  be  the  major  mechanisms 

by  which  periodic  metal  loads  are  attenuated  in  the  White  River. 

The  difficulty  in  developing  quantitative  models  to  describe 
adsorption/desorption  in  natural  environments  is  due  to  the  complexity  of 
natural  sediments  and  particulates,  the  effect  of  inorganic  and  organic 
ligands  upon  adsorption,  the  metal  species  distribution,  and  other 
physical -chemical  attributes  of  the  environmental  system  (pH,  adsorbent 
concentration,  etc).  To  overcome  some  of  this  difficulty,  adsorption  studies 
using  "model"  surfaces  (clays,  AI2O3,  Fe[0H3],  Mn02)  have  been  performed  and 
provided  an  important  understanding  of  the  mechanisms.  A  considerable  amount 
of  work  has  been  reported  on  the  adsorption  of  metals  by  clays  (Jenne  1977, 
Farrah  et  al.  1980)  although  evidence  indicates  that  clays  exist  as 
substrates  coated  with  metal  oxides  or  organic  matter  (Bourg,  1982). 

Additionally,  work  with  metal  oxides  (Dempsey  &  Singer,  1980;  Benjamin 
and  Leckie,  1981;  Elliott  and  Huang,  1979)  has  resulted  in  considerable 
advances  in  understanding  metal  uptake  mechanisms.  Complexation  of  metal 
ions  by  inorganic  and  organic  ligands  can  have  a  considerable  impact  on  the 
adsorption  by  solid  surfaces,  the  result  showing  an  enhancement,  suppression 
or  no  effect  upon  metal  adsorption  (Benjamin  and  Leckie,  1981;  Elliott  and 
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Huang,  1980).  Metal  adsorption  studies  using  real  sediments  (Brown,  1979; 
Sholkovitz  and  Copeland,  1981,  Gardiner,  1974)  can  provide  hints  about 
potential  adsorption  mechanisms  and  statistical  correlations  between 
particular  sediment  parameters  and  the  metal  mass  adsorbed,  but  cannot  give 
detailed  information  on  the  operative  mechanisms.  It  is  clear  that  further 
work  is  necessary  to  quantitatively  describe  the  adsorption  process  in 
natural  systems. 

The  adsorption  of  Cu,  Zn,  and  Pb  by  suspended  sediments  in  the  White 
River  was  investigated  using  reaction  chambers,  natural  water,  and  sediments 
during  two  distinct  flow  periods  (Figure  4.5-7  [a-d]).  The  data  indicated 
that  removal  was  very  rapid  (<lhr.)  and  that  particulate  concentration  and  pH 
were  important  in  determining  equilibrium  concentrations  of  metal.  The 
sediments  and  suspended  particulates  of  the  White  River,  tributaries,  and  dry 
washes  possess  a  complex  mixture  of  inorganic  and  organic  constitutents. 
Calculations  using  MINEQL  (Westall  et  al.,  1976)  indicate  supersaturation  of 
CaCO^,  Fe  (0H)3,  A1(0H)3,  and  other  minor  solid  phases  of  Zn,  Cu,  and  Ni  and 
indicates  that  the  effect  of  carbonate  and  hydroxide  solid  phases  may  also  be 
important  attributes  of  the  White  River  system. 

4.5.4.8.  Ecosystem  Response  and  Metal  Tolerance.  Few  studies  have 
attempted  to  define  the  in  situ  response  of  aquatic  ecosystems  to  an 
experimental  metal  load.  Gachter  (1979)  attempted  such  a  study  in  a  lake 
ecosystem,  while  Medine  et  al.   (1980)  documented  a  laboratory  ecosystem 
response  to  heavy  metal  loads.  The  in  situ  production/respiration 
experiments  reported  in  this  study  have  indicated  that  the  White  River 
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a)  Adsorption  vs.  time  for 
three  levels  of  Pb  and 
Zn  during  field  experi- 
ments on  the  White  River 
in  Nov.,  1982.  Each  re- 
actor vo lumens  liters. 
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c)  The  effect  of  initial  cop- 
per and  Suspended  sol  ids  on 
the  2k    hr.  equilibrium  dis- 
solved Cu  during  field  ex- 
periments on  the  White  River. 
The  reactor  volume  was  8  1.  and 
temperature  was  maintained  at 
ambient  river  temperature. 
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b)  The  effect  of  pH  on  the 
equilibrium  level  of  Cu 
and  Zn  during  field  ex- 
periments on  the  White 
River.  Desorption  was 
highly  significant  for 
Zn.  The  initial  levels 
of  dissolved  metal  were 
5  ug/1  for  both  metals. 
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Figure   4.5-7    (a-d)     The    results  of   field   experiments  on   metal    adsorption 
on    the  White   River   conducted   during   November    1982. 
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ecosystem  appears  to  be  stimulated  by  the  periodic  input  of  heavy  metals. 
The  response  of  the  river  system  appears  to  change  depending  upon  the  time  of 
year. 

The  mechanisms  by  which  the  White  River  ecosystem  has  been  able  to  adapt 
to  these  periodic  natural  metal  loads  is  unknown.  There  are  numerous 
examples  in  the  literature  where  organisms  have  been  shown  to  increase  their 
tolerance  to  the  toxic  effects  of  some  metals.  Fish  (Sinley  et  al.  1974), 
macroinvertebrates  (Saliga  and  Ahsanullah  1973),  and  algae  (Morris  1972)  are 
several  examples  of  this  possible  mechanism.  It  has  been  suggested  that 
their  tolerances  may  be  genetically  determined;  however,  the  evidence  at  the 
present  time  is  circumstantial  (Bryan  and  Hummerstone  1973). 

A  second  possible  mechanism  of  adaptation  may  be  the  temporal 
distribution  of  organisms  within  this  system.  Zanella  (1982)  noted  a  change 
in  species  composition  within  the  macroinvertebrate  community  structure  over 
a  15  year  period  as  a  result  of  low  level  metal  pollution.  The  two  organisms 
described  in  that  study  were  also  found  in  the  White  River  (Figure  4.5-8). 
Their  distribution  over  time  in  the  White  River  indicted  that  the  more 
resistant  species  (Hydropsyche)  was  present  when  water  quality  was 
potentially  at  its  worst  (base  flow  conditions)  .  Whereas,  the  less 
resistant  species  was  present  during  upper  basin  runoff  when  the  best  water 
quality  conditions  occurred. 

A  third  possible  mechanism,  the  adsorption  and  desorption  of  the  soluble 
metals  with  suspended  sediments,  was  investigated  simultaneously  with  the  P/R 
experiments  (Medine  et  al.  1983).  These  data  indicate  that  the  suspended 
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Figure  4.5-8   jhe  biomass  of  two  macroinvertebrate  species  in  the 
White  River  during  I98I  at  the  Evacuation  Creek  Site. 
BRA  =  Brachycentrus  (non-tolerant);  Hyd  =  Hydropsyche  (tolerant) 
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sediments  within  the  White  River  can  substantially  and  rapidly  reduce  the 
concentrations  of  dissolved  heavy  metals.  Adsorption  of  metals  into  the 
organic  compartments  (algae,  course  detritus)  may  also  be  an  important  factor 
in  the  removal  of  metals  from  solution.  The  consistant  levels  of  metals  in 
the  inorganic  (precipitate  and  fine  sediments)  and  algae  compartments  with 
distance  downstream  (Figure  4.5-2)  and  similarities  in  the  sequences  of 
adsorption  ability  of  the  metals  compared  to  the  concentration  factors,  may 
indicate  that  adsorption-desorption  can  regulate  the  concentration  of  metals 
in  the  White  River  between  storm  events. 

It  is  important  to  note,  that  although  the  White  River  maintains  a 
diverse  and  productive  ecosystem,  the  metal  concentrations  present  w.ithin  the 
trophic  structure  are  elevated  above  literature  background  levels.  The  exact 
mechanisms  (genetic  shifts,  organism  tolerance,  spatial  and  temporal 
seperation  and  the  role  of  suspended  sediments)  by  which  this  community  can 
maintain  its  structure  and  function  is  unknown.  Further  investigation  into 
the  mechanism  may  allow  the  development  of  management  alternatives  for  the 
restcation  of  anthropromorphically  disturbed  systems. 
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TERRESTRIAL      FAUNA 


5.0  TERRESTRIAL  FAUNA 
5.1   INTRODUCTION 

The  terrestrial  fauna  of  the  Federal  Prototype  Oil  Shale  Tracts,  Ua  and 
Ub  has  been  sampled  since  1975.  Sampling  in  1982  represents  the  first  year  of 
operation  of  the  monitoring  program  as  described  in  the  Environmental  Monitor- 
ing Manual  (WRSOC  1982a).  As  a  result,  sampling  of  some  groups  was  less 
extensive  than  during  the  1975-1981  baseline  period.  Other  groups  (referred 
to  as  Potential  Parameters  in  the  Monitoring  Manual)  were  sampled  for  the 
first  time  in  order  to  establish  baseline  information. 

All  sampling  and  analysis  was  conducted  by  Bio-Resources,  Inc.  under 
contract  to  WRSOC  and  was  coordinated  by  Dr.  C.  Val  Grant. 

Five  major  groups  of  terrestrial  fauna  were  emphasized  during  1982:  soil 
invertebrates,  foliage  invertebrates,  reptiles,  birds,  and  mammals.  This 
section  will  describe  the  species  composition  and  community  characteristics  of 
each  group  during  1982  and  then  compare  these  characteristics  to  the  baseline 
period,  1975-1981.  Significant  changes  in  community  characteristics  are  iden- 
tified. These  changes  are  compared  to  changes  in  environmental  variables  and 
potential  impacts  of  human  and  natural  disturbances  to  identify  causes  of  the 
changes.  Tract  development  activities  during  1982  appear  to  have  had  little 
effect  on  wildlife  except  in  the  immediate  vicinity  of  the  construction  sites. 
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5.2  SUMMARY 

The  terrestrial  fauna  on  Tracts  Ua  and  Ub  was  subjected  to  climatic 
extremes  during  1982.  Annual  water-year  precipitation  (36.8  cm)  was  higher 
than  in  any  of  the  previous  7  years  while  spring  (April-June)  precipitation 
was  lower  than  all  years  except  1978  (Fig.  5.2-1).  Erratic  water  availability 
combined  with  a  very  cool  spring  and  beginning  of  summer  resulted  in  signifi- 
cant changes  in  some  faunal  groups.  None  of  the  changes  that  were  noted  can 
be  attributed  to  the  road  and  plant  site  development  that  occurred  in  1982. 

Results  for  each  group  of  species  are  summarized  below. 

5.2.1  Soil  Invertebrates  Total  abundance,  species  richness,  and  species 
diversity  of  nematodes  and  microarthropods  differed  significantly  among 
sampling  sessions  and  were  high  during  the  cooler,  wetter  fall,  winter,  and 
early  spring  and  low  during  the  dry,  hot  summer.  Habitats  with  deeper  soils. 
Riparian  and  Greasewood,  had  higher  nematode  abundance,  richness,  and  diver- 
sity. Microarthropods  had  highest  abundance  in  Riparian  but  high  richness  and 
diversity  on  S-1  and  J-5.  Soil  invertebrates  were  partitioned  into  4  trophic 
groups:  herbivores,  detriti vores,  carnivores,  and  bacteriovores.  Abundance 
of  each  trophic  group  followed  the  same  pattern  as  total  abundance,  high  in 
cool,  wet  months  and  low  in  hot,  dry  months.  Comparisons  between  1981  and 
1982  indicates,  in  general,  lower  populations  in  sunnier  1982,  apparently  due 
to  the  drier  conditions. 

5.2.2  Foil  age  Invertebrates  The  foliage  invertebrate  studies  in  1981 
and  1982  have  been  conducted  over  seven  months,  in  four  vegetation  types  (nine 
transects),  and  for  10  hostplants.  The  observed  patterns  in  abundance,  bio- 
mass,  species  richness,  and  diversity  can  be  explained  by  environmental 
factors  such  as  temperature,  precipitation,  soil  moisture,  plant  phenology. 
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and  plant  production.  The  colder,  wetter  conditions  in  1982,  compared  to 
1981,  were  paralleled  by  a  dramatic  increase  in  foliage  invertebrate  abundance 
and  richness  but  no  noticeable  increase  in  biomass.  These  increases  occurred 
on  all  hostplants  and  in  all  vegetation  types.  Seasonal  population  peaks 
occurred  later  in  1982  than  in  1981.  Sticky-leaved  rabbitbrush,  rubber 
rabbitbrush,  and  big  sagebrush  had  the  highest  abundance  of  invertebrates, 
followed  in  decreasing  order  by  greasewood,  shadscale,  spiny  hopsage,  and 
spiny  horsebrush.  Riparian  habitat  had  the  greatest  abundance  of  foliage 
invertebrates,  followed  in  decreasing  order  by  Greasewood,  Juniper,  and  Shad- 
scale  habitats.  Differences  in  foliage  invertebrate  abundance  between  years 
and  vegetation  types  were  consistant  with  differences  in  annual-plant  biomass 
and  soil  moisture. 

5.2.3  Amphibians  and  Reptiles  Estimates  of  reptile  populations  made  in 
June  1982  were  compared  to  those  of  previous  years.  Lizard  abundance  in  both 
the  Greasewood  and  Shadscale  habitats  declined  only  slightly  (12%  and  7%, 
respectively)  from  1981  abundances  but  abundance  in  Juniper  declined  46%. 
These  declines  may  be  due  to  the  wet  fall,  winter  and  cold  spring  in  1982.  The 
Riparian  habitat,  on  the  other  hand,  recorded  a  33%  increase  in  lizard  abun- 
dance, returning  to  a  value  within  the  7-year,  95%  confidence  interval.  Only 
one  amphibian  was  observed  in  1982. 

5.2.4  Birds  Bird  populations  (measured  in  community  consuming  biomass) 
in  Greasewood,  Juniper  and  Shadscale  were  lower  in  1982  than  in  most  previous 
years.  In  Riparian,  consuming  biomass  was  higher  than  in  any  previous  year. 
In  Greasewood,  all  three  trophic  groups  (granivores,  omnivores,  and  insect i- 
vores)  declined  between  1981  and  1982,  the  decline  in  insectivores  being 
primarily  due  to  a  decline  in  ground-gleaning  insectivores,  the  largest 
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insectivore  guild  in  Greasewood.  In  Juniper,  granivores  and  air-cruising 
insectivore  declined.  Bird  consuming  biomass  in  Shadscale  as  well  as  trophic 
group  and  guild  composition,  was  similar  to  that  in  1981.  In  Riparian  the 
Increase  between  1981  and  1982  was  caused  by  a  dramatic  increase  in  cliff 
swallows  (Hirundo  pyrrhonota),  an  air-cruising  insectivore.  Most  other  guilds 
in  Riparian  declined  or  remained  the  same.  The  low  consuming  biomass  of  most 
bird  groups  in  1982  can  be  attributed  to  the  low  spring  precipitation  and  to 
presumed  effect  on  food  resources.  High  populations  of  cliff  swallows  may 
also  be  related  to  food  availability,  as  high  flows  in  the  White  River  (from 
snowmelt)  were  prolonged,  increasing  habitat  for  insect  production. 

Eleven  active  and  47  inactive  raptor  nests  were  located  in  1982.  These 
included  three  active  golden  eagle  (Aquila  chrysaetos)  nests,  none  of  which 
were  located  within  the  boundaries  of  Ua  and  Ub.  Twenty-four  inactive  golden 
eagle  nests  were  found. 

A  February  survey  of  the  White  River  found  10  bald  eagles  (Haliaeetus 
leucocephalus)  wintering  in  Riparian  habitat  adjacent  to  Ua  and  Ub. 

Eleven  species  of  waterfowl  were  found  on  the  White  River  in  April  1982. 
The  most  abundant  species  was  Canada  goose  (Branta  canadensis)  which  was  most 
common  at  mile  12,  between  the  site  of  the  proposed  White  River  Dam  and 
Ignatio.  Overall,  waterfowl  were  most  abundant  between  Ignatio  and  Hell's 
Hole  Canyon. 

5.2.5  Mammals  Rodent  density  and  biomass  in  1982  maintained  pre-1982 
levels  in  all  habitats  except  in  Riparian.  In  Riparian,  the  movement  of  the 
trapping  grid  from  R-1  and  R-2  resulted  in  capture  of  more  individuals  of 
three  species  causing  an  increase  in  both  density  and  biomass.  Also,  during 
1982,  montane  voles  (Microtus  montanus),  which  were  caught  only  once  before 
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1982,  had  a  population  explosion  becoming  one  of  the  most  common  vertebrates 
in  Riparian  habitat.  Between  1981  and  1982  species  diversity  increased  in 
Greasewood,  Shadscale,  and  Juniper.  In  Greasewood  and  Juniper  this  was  a 
result  of  an  increase  in  the  less  abundant  species  and  therefore  a  more  even 
distribution  of  individuals  among  species.  In  Shadscale,  two  species  were 
found  which  had  not  been  recorded  previously.  These  changes  may  be  due  to  the 
heavy  precipitation  in  fall  1981  resulting  in  abundant  germination  and  growth 
of  winter  annuals,  food  resources  for  most  rodents. 

A  cycle  of  population  density  with  a  period  of  about  six  years  has  been 
identified  for  desert  cottontails  (Sylvilagus  auduboni ).  The  factors  that 
cause  variability  in  environmental  quality  and  thus  cottontails  are  not  as 
sensitive  to  changes  in  their  environment  as  are   some  other  small  mammals. 

Mule  deer  (Odocoileus  hemionus)  herds  were  found  throughout  the  site 
during  April  and  June.  Sightings  were  in  or  near  plant  cover  provided  by 
juniper  or  the  Riparian  habitat.  Most  deer  were  observed  during  April  and 
June. 
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5.3  PROGRAM  DESCRIPTION 

5.3.1  Objectives  The  objectives  of  the  first  year  of  the  development 
monitoring  program  were  to  identify  differences  between  the  1975-1981  baseline 
period  and  1982  data.  For  differences  that  were  identified,  a  secondary 
objective  was  to  determine  whether  the  changes  were  naturally  caused  or  were 
related  to  construction  or  monitoring  activities. 

Data  from  1982  were  also  used  to  evaluate  some  potential  environmental 
parameters  in  order  to  assess  their  efficiencies  for  monitoring.  As  a  result, 
several  potential  monitoring  parameters  were  measured  for  the  first  time. 

5.3.2  Sampling  Locations  Sampling  locations  are  shown  in  Fig.  5.3-1. 
The  nine  transects  shown  were  sampled  for  soil  invertebrates,  foliage  inverte- 
brates, reptiles,  birds,  and  mammals.  Rodent  populations  were  sampled  on  nine 
trapping  grids  located  near  the  transects. 

In  anticipation  of  future  construction  of  the  White  River  Dam,  which  will 
inundate  one  riparian  sampling  location  (R-2),  a  new  riparian  transect  and 
mammal -trapping  grid  (R-4)  was  established.  R-4  is  500  m  downstream  and 
across  the  river  from  R-2.  These  two  sites  will  be  run  concurrently  until  dam 
construction  interferes  with  sampling  R-2.  These  concurrent  samples  will 
allow  us  to  establish  the  similarity  of  the  wildlife  at  these  two  riparian 
sites. 

5.3.3  Methods  Methods  for  most  sampling  were  described  in  the  Monitor- 
ing Manual  (WRSOC  1982a).  Other  methods  employed  are  discussed  below. 

5.3.3.1  Soil  Invertebrates  The  number  of  soil  samples  collected  along 
each  transect  was  decreased  from  12  in  1981  to  6  in  1982.  Analyses  were  done 
only  for  species  that  occurred  in  at  least  12  soil  samples.  One-way  Analysis 
of  Variance  was  used  to  determine  whether  community  abundance,  richness,  and 
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diversity  differed  among  months  and  transects.  Two-way  Analysis  of  Variance 
was  used  to  determine  whether  trophic  group  densities  differed  among  months 
and  transects.  A  Least  Significant  Difference  test  was  used  to  compare  months 
and  transects  ;  a  =  0.05. 

5.3.3.2  Foliage  Invertebrates   Abundances  were  calculated  for  indi- 
vidual shrubs,  and  biomass  data  were  collected  for  each  hostplant  within  each 
transect.  Family-level  diversity  was  calculated  for  each  hostplant  within 
each  transect.  Sweep-net  samples  were  compared  to  beating  samples  of  big 
sagebrush  on  eight  transects.  The  purpose  of  comparing  the  two  sampling 
techniques  was  to  attempt  to  improve  the  accuracy  and  precision  of  the  samp- 
ling. It  was  hoped  that  beating  would  capture  a  greater  percentage  of  the 
invertebrates  on  a  shrub  and  reduce  the  sample  variance. 

Data  were  analyzed  with  Analysis  of  Variance,  using  a  log  (X+1)  transfor- 
mation to  normalize  the  data,  and  with  statistical  programs  described  in  Bryce 
et  al.  (1980).  Rankings  of  invertebrate  abundance  according  to  hostplants  and 
vegetation  types  were  performed  as  described  in  Zar  (1974).  The  patterns  that 
emerged  were  then  related  to  environmental  data  such  as  plant  phenology, 
moisture  conditions  (precipitation  and  soil  water),  plant  production,  and 
temperature. 

5.3.3.3  Amphibians  and  Reptiles  Reptiles  were  censused  only  in  June 
1982  following  the  procedure  outlined  in  the  Environmental  Monitoring  Manual. 
Amphibians  were  monitored  by  opportunistic  sightings. 

5.3.3.4  Birds  For  each  bird  sighted  from  transects,  a  perpendicular 
distance  from  the  transect  to  the  bird  was  estimated.  For  each  species, 
perpendicular  distances  were  converted  to  density  estimates  using  program 
"TRANSECT"  (Burnham  et  al.  1980).  Density  was  converted  to  consuming  biomass 
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by  multiplying  density  for  each  species  by  its  weight,  raised  to  the  0.633 
power.  Differences  were  tested  with  Analysis  of  Variance  (ANOVA)  using  the 
significance  of  a  =  0.10  to  maximize  the  detection  of  change  (WRSOC  1982). 

April  bird  sampling  was  reduced  to  three  days  on  four  transects.  June 
sampling  remained  at  five  days  on  eight  transects  (plus  R-4). 

Raptor  nests  were  located  by  an  aerial  survey  and  extensive  ground  sur- 
veys in  February  and  April  1982.  Use  of  each  nest  was  checked  in  April  and 
June.  During  these  surveys  every  suitable  cliff  on  and  within  2  km  of  tracts 
Ua  and  Ub  was  searched. 

A  bald  eagle  survey  was  conducted  by  helicopter  on  February  12,  1982. 
Lcoations  of  all  bald  eagles  were  mapped. 

Abundances  of  migratory  waterfowl  along  the  White  River  was  sampled  by 
three  canoe  transects  on  the  White  River  in  April  1982.  The  numbers  and 
species  of  waterfowl  were  recorded  and  their  locations  were  mapped  to  the 
nearest  0.1  mile. 

5.3.3.5  Mammals  Density  of  cottontails  along  each  transect  was  calcu- 
lated according  to  the  computer  program  "TRANSECT,"  details  of  which  are  found 
in  Burnham  et  al.  (1980).  All  mule  deer  sightings  within  3  km  (rather  than 
1.6  km  as  stated  in  the  Environmental  Monitoring  Manual)  of  tracts  Ua  and  Ub 
were  recorded  and  mapped  during  1982. 
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5.4  PROGRAM  RESULTS  AND  ANALYSIS 

5.4.1  Soil  Invertebrates 

5.4.1.1  Nematodes  Nematode  total  density,  species  richness,  and  species 
diversity  all  varied  significantly  over  sample  periods  (one-way  ANOVA,  p<0.001 
for  all)  and  transects  (one-way  ANOVA,  p<0.01  for  all).  Density  of  nematodes 
(Fig.  5.4-1)  was  greatest  from  October  1981  to  April  1982  during  months  of 
high  soil  moisture  (Fig.  5.4-2,  p  0.05).  Density  increased  again  in  October 
1982.  Species  richness  (Fig.  5.4-3)  and  species  diversity  showed  a  similar 
pattern;  high  in  October  and  December  1981,  low  in  June  and  August  1982,  and 
high  again  in  October  1982.  Species  diversity  and  evenness  changes  little 
between  sampling  periods. 

Samples  were  taken  in  April,  June,  August  and  October  in  both  1981  and 
1982.  Nematode  density  was  significantly  greater  in  April  1982  than  April 
1981,  but  density  in  June  and  August  for  both  years  did  not  differ  signifi- 
cantly (Fig.  5.4-1).  Surprisingly,  nematode  density  in  October  was  higher  in 
1982  than  in  1981  despite  the  approximately  equal  soil  moisture.  Species 
richness  and  diversity  was  generally  lower  in  1982  for  all  months.  These 
differences  between  years  appear  to  be  due  to  the  dry  spring  and  early  summer 
in  1982. 

Nematode  density  was  high  in  Greasewood,  especially  G-1  and  G-3,  and 
Riparian  (Fig.  5.4-1).  Species  richness  (Fig.  5.4-3)  and  species  diversity 
showed  no  consistent  trends  between  transects.  The  Juniper  transects,  which 
have  poor  soils,  had  the  lowest  nematode  density.  In  general,  moist  sites 
with  well -developed  soils  had  richer  and  more  diverse  nematode  communities. 

Nematodes  can  be  divided  into  3  trophic  groups:  herbivores  or  plant 
parasites  (10  species),  carnivores  (1  species),  and  bacteriovores  (7  species). 
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Fig.  5.4-1.  Density  (ind/100  cm^iSE)  of  nematodes  along  9  transects 
bimonthly  from  April  1981  to  August  1982.  Data  from  1981 
are  shown  with  broken  lines,  those  from  1982,  in  solid  lines 
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Fig.  5.4-2.  Soil  moisture  (%)  along  9  transects  bimonthly  from  April  1981 
to  August  1982.  Data  from  1981  are  shown  with  broken  lines; 
those  from  1982,  in  solid  lines. 
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Fig.  5.4-3.  Richness  (taxa/transect)  of  nematodes  along  9  transects  bimonthly 
from  April  1981  to  August  1982.  Data  from  1981  are  shown  with 
broken  lines;  those  from  1982,  in  solid  lines. 
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Both  herbivorous  and  bacteriovorous  nematodes  had  high  population  densities  in 
April,  October,  and  December  1981  and  February  and  April  1982  (Table  5.4-1, 
top,  p<0.05,  October  1982  was  not  included  in  this  analysis).  The  much  rarer 
carnivorous  nematodes  had  highest  populations  in  October  and  December  1981. 
Transects  G-1 ,  G-3,  and  R-2  had  significantly  higher  populations  of  herbi- 
vorous and  bacterivorous  nematodes,  whereas  R-2  had  the  highest  populations  of 
carnivorous  nematodes  (Table  5.4-2,  top,  p<0.05).  Again,  these  temporal  and 
spatial  patterns  indicate  that  nematode  communities  are  most  well -developed  on 
moist  sites  with  deep  soils.  Because  R-4  was  only  sampled  in  August  and 
October  1982  it  was  not  included  in  this  analysis. 

5.4.1.2  Microarthropods  Total  density,  richness,  and  diversity  of  soil 
microarthropods  varied  significantly  over  sample  periods  (one-way  ANOVA, 
p<0.001  for  all)  and  species  richness  and  diversity  both  varied  significantly 
over  transects  (one-way  ANOVA,  p<0.01).  Total  density  of  microarthropods  was 
not  significantly  different  among  transects  (P=0.14). 

Microarthropods  were  most  abundant  in  April,  October,  and  December  1981 
and  October  and  February  1982  (Fig.  5.4-4,  p<0.05).  Species  richness  (Fig. 
5.4-5)  and  species  diversity  were  also  high  during  the  same  months.  Evenness 
varied  little  among  months.  April  1981  had  significantly  higher  density, 
richness  and  diversity  than  April  1982.  These  same  measures  were  only  slight- 
ly lower  in  June  1982  than  in  June  1981,  with  only  diversity  showing  a  sig- 
nificant change.  Both  richness  and  diversity  were  significantly  higher  in 
August  1982,  compared  to  August  1981. 

There  were  few  major  differences  among  transects.  Microarthropod  density 
was  similar  on  all  transects  except  R-2  and  R-4,  where  it  was  greater  in  some 
months.  Diversity  had  a  pattern  similar  to  that  of  richness;  high  on  S-1,  J- 
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Table  5.4-1. 


Months  in  which  abundances  (ind /sample)  of  soil  invertebrates 
belonging  to  four  trophic  groups  were  significantly  higher 
(p<0.05)  than  one  or  more  months.  October  1982  is  not 
included;  abundance  was  at  least  as  high  as  in  October  1981 
(Fig.  5.4-1,  5.4-4). 


1981 


1982 


Apr.  June  Aug.  Oct.  Dec 


Feb.  Apr.  June  Aug. 


Nematodes 

Herbivores 

X 

Carnivores 

Bacteriovores 

X 

Arthropods 

Herbivores 

X 

Carnivores 

X 

Detritivores 

X 

X    X 


X    X 
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Table  5.4-2.  Transects  from  which  abundances  (ind /samples)  of  soil 
invertebrates  belonging  to  four  trophic  groups  were 
significantly  higher  (p<0.05)  than  one  or  more  other  transects. 
R-4  is  not  included  because  of  only  being  sampled  twice  (August 
and  October  1982). 

G-1    G-2    G-3    J-1    J-5    S-1    S-4    R-2 

Nematodes 
Herbivores      XX  X 

Carnivores  X 

Bacteriovores    XX  X 

Arthropods 
Herbivores 

Carnivores  X 

Detritivores 
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Fig.  5.4-4.  Density  (ind/lOO  cm^±SE)  of  soil  microarthropods  along  9  transects 
bimonthly  from  April  1981  to  August  1982.  Data  from  1981  are  shown 
with  broken  lines;  those  from  1982,  in  solid  lines. 
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Fig.  5.4-5.  Richness  (taxa/transect)  of  soil  microarthropods  along  9  transects 
bimonthly  from  April  1981  to  August  1982.  Data  from  1981  are  shown 
with  broken  lines;  those  from  1982,  in  solid  lines. 
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5,  and  very  low  on  R-2. 

Microarthropods  can  be  divided  into  3  trophic  groups:  herbivores  (1 
species),  carnivores  (13  species),  and  detritivores  (detritus  is  dead  plant 
material  )(16  species).  All  trophic  groups  changed  significantly  in  the  high 
density  usually  occurring  in  April,  October,  and  December  1981  and  February 
and  August  1982  (Table  5.4-1,  bottom).  These  temporal  patterns  of  population 
densities  are  similar  to  those  of  nematodes.  There  were  no  differences  in 
density  between  transect  except  that  carnivores  were  significantly  more  abun- 
dant on  R-2  than  all  other  transects  (p<0.05)(Table  5.4-2,  bottom).  Richness 
and  species  diversity  of  trophic  groups  did  not  vary  between  transects. 

5.4.1.3  Factors  Influencing  Soil  Invertebrates  Soil  moisture,  in  con- 
cert with  the  characteristics  and  depth  of  the  soil  itself,  is  probably  the 
most  important  determinant  of  soil  invertebrate  community  structure.  Nema- 
todes, especially,  are  highly  dependent  on  soil  moisture.  Fig.  5.4-2  illus- 
trates that  soil  moisture  was  highest  during  the  fall,  winter,  and  early 
spring;  ranging  from  10  to  25%.  The  summer  months  were  not  only  much  drier 
but  soil  moisture  was  more  variable  among  sites.  Despite  the  winter  cold  with 
its  concommitant  freezing  and  thawing  of  the  soil,  a  seemingly  severe  conditon 
for  soil  invertebrates,  nematodes  and  microarthropods  were  abundant  in  the 
moist  winter  months.  Greasewood  and  Riparian,  habitats  with  deep  soils  that 
retain  moisture  longer  than  the  soils  in  Juniper  and  Shadscale,  also  had  the 
most  well -developed  soil  invertebrate,  especially  nematode,  comunities. 

In  August  1982  a  flash  flood  that  deposited  5  to  30  cm  of  soil  on  the  R-2 
transect  affected  the  soil  invertebrate  community.  The  next  sampling  period 
(October  1982),  showed  reduced  values  of  arthropod  richness,  diversity  and 
evenness,  indicating  that  some  species,  perhaps  sensitive  ones,  were  decimated 
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while  others  became  more  numerous.  This  differential  species  response  shows 
that  changes  in  the  structure  of  the  arthropod  community  may  reflect  different 
types  of  impacts.  Nematodes,  on  the  other  hand,  apparently  responded  to  this 
flooding  and  soil  deposition  by  a  decline  in  density  only.  Thus,  nematodes 
responded  as  a  group  to  the  disturbance. 

5.4.2  Foliage  Invertebrates  Foliage  invertebrates  are  critical  compon- 
ents of  the  structure  and  function  of  arid  ecosystems.  They  significantly 
affect  ecosystems  through  their  roles  as  plant  tissue  consumers,  seed  con- 
sumers, soil  organisms  during  part  of  their  life  cycles,  and  as  important  prey 
for  their  vertebrate  predators.  In  addition,  due  to  their  short  generation 
time  and  sensitivity  to  environmental  change,  they  react  quickly  to  fluctua- 
tions in  water  and  temperature.  These  characteristics  of  the  foliage  inver- 
tebrate fauna  make  it  valuable  in  the  environmental  monitoring  program  for  two 
reasons.  First,  foliage  invertebrates  provide  a  critical  link  between 
climate,  soils,  plants,  and  vertebrates.  Changes  in  environmental  factors, 
either  natural  (e.g.,  climatic)  or  man-made  (e.g.,  mining),  will  result  in 
changes  in  foliage  invertebrate  faunas,  which  in  turn,  may  result  in  changes 
in  the  birds,  mammals,  and  reptiles  which  feed  upon  them.  Second,  since 
invertebrates  are  abundance  and  closely  linked  in  space  and  time  to  their 
environment,  they  are  ideally  suited  to  tracking  environmental  change. 
Foliage  invertebrates  will  provide  an  index  of  "permanency  and  diversity"  of 
the  ecosystem  before,  during,  and  after  potential  disturbances  (Green  and 
Knight  1980). 

Few  studies  have  dealt  with  relationships  between  mining  and  foliage 
invertebrates  (Hawkins  and  Cross  1982).  Invertebrates  have  been  studied  in 
relation  to  other  man-made  environmental  perturbations,  including  construction 
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of  transmission  lines  (Butt  et  al.  1982,  Ditsworth  et  al.  1982,  Johnson  et  al. 
1981),  grazing  (Morris  1967,  Bellows  et  al.  1982),  burning  (Bulan  and  Barrett 
1971,  Nagel  1973),  mowing  (Bulan  and  Barrett  1971,  Jensen  et  al.  1973),  radio- 
activity (Crossley  and  Howden  1961),  cultivation  (Allan  et  al.  1975),  and  air 
pollution  (Hughes  et  al.  1981,  1982).  These  studies  have  together  shown  that 
invertebrates  are  significantly  affected  by  temperature,  precipitation,  soil 
water,  plant  water,  and  plant  production,  and  that  they  react  quickly  to 
changes  in  these  variables. 

Invertebrates  may  be  important  during  the  revegetation  of  the  spent  oil 
shale  by  feeding  on  or  pollinating  the  plants.  This  baseline  study  --  by 
offering  quantitative  data  on  composition  and  variation  in  foliage  inverte- 
brates across  years,  habitats,  plant  species,  and  plant  individuals  --  will 
allow  assessment  of  normal  levels  of  foliage  invertebrates  on  newly  revege- 
tated  areas.  Foliage  invertebrates  will  need  to  be  assessed  and  dealt  with 
accordingly  to  prevent  undesirable  plant  damage.  Paradoxically,  irrigation  of 
the  revegetaed  areas  may  create  more  favorable  conditions  for  growth  of  insect 
populations  such  as  grasshoppers,  as  has  happened  in  other  arid  regions 
(Rivnay  1964).  Herbivory,  especially  by  insects,  along  with  drought  stress 
(compounded  by  competition),  have  been  cited  as  the  major  causes  of  mortality 
in  seedlings  of  desert  plants  (Parker  1982,  Cook  1979).  These  two  factors 
will  be  important  to  consider  in  relation  to  plant  establishment  during  the 
revegetation  process  on  Tracts  Ua  and  Ub.  Finally,  the  particular  planting 
patterns  used  on  the  revegetated  areas  will  be  an  important  determinant  of 
initial  and  later  foliage  invertebrate  faunas,  as  has  been  found  by  others 
(Ostlie  1979,  Spangler  and  Norton  1982). 
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5.4.2.1  Climate  and  Plant  Production  Trends  June  degree-days  (summation 
of  the  total  degrees  that  the  mean  daily  temperatures  exceeded  15°C  for  each 
day  of  the  month)  in  1982  was  lower  than  in  1981  (Fig.  5.4-6).  The  difference 
in  water  conditions  between  the  2  years  is  indicated  by  differences  in  percent 
soil  moisture  (Fig.  5.4-6):  soil  moisture  was  higher  in  1982  in  both  April  and 
August.  Thus  1982  was  a  colder,  wetter  year. 

Annual-plant  biomass  was  greater  in  1982,  compared  to  1981  (Table  5.4-3). 
Mean  annual-plant  biomass  was  greatest  in  Riparian  followed  by  Greasewood, 
Shadscale  and  Juniper. 

5.4.2.2  Entire  Site  (All  Hostplants  and  Vegetation  Types)  A  summary  of 
hostplants,  vegetation  types,  and  transects  sampled,  along  with  the  number  of 
replicates  is  given  in  Table  5.4-4.  During  1981  and  1982  we  sampled  a  total 
of  3200  plants.  The  total  number  of  foliage  invertebrates  captured  and  iden- 
tified was  99218  individuals,  comprising  139  families  and  17  orders.  The 
complete  list  of  foliage  invertebrate  taxa  collected  and  identified  is  avail- 
able from  Bio-Resources,  Inc.  or  WRSOC.  Herbivores  (sap-feeders  and  leaf- 
chewers)  were  the  most  abundant  functional  group  captured,  comprising  over  75% 
of  all  individuals  (Table  5.4-5).  Sap-feeders  (e.g.,  aphids,  leafhoppers, 
jumping  plant  lice,  thrips,  mirids)  had  the  greatest  abundance  of  all  func- 
tional groups,  followed  by  leaf-chewers,  predators,  parasites,  decomposers, 
and  others  (Fig.  5.4-7).  Leaf-chewers  (e.g.,  caterpillars,  grasshoppers,  many 
beetles)  had  the  greatest  biomass,  slightly  greater  than  that  of  sap-feeders, 
followed  by  predators,  and  others  (Fig.  5.4-8). 

In  comparing  1982  to  1981,  two  general  patterns  were  apparent.  First, 
foliage  invertebrate  abundance  (ind/m^  )  was  much  greater  in  1982  than  in  1981, 
for  all  hostplants  combined  (Fig.  5.4-6)  and  all  hostplants  considered  indi- 
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Table  5.4-3.  Mean  abundance  (ind/mM  and  biomass  (mg/m^  )  of  foliage 
invertebrates,  and  annual  plant  biomass  (g/m^ ,  in  4  vegetation 
types,  1981  and  1982. 


Years 

Foliage-: 

Invertebrates 

Annual-Plant 

Sites 

Abundance 

Biomass 

Biomass 

Greasewood 

1981 

66.1 

23.7 

15.6 

1982 

158.1 

23.2 

21.6 

Juniper 

1981 

64.9 

25.0 

0.4 

1982 

137.5 

24.7 

0.4 

Shadscale 

1981 

38.4 

12.7 

9.2 

1982 

56.8 

13.7 

24.8 

Riparian 

1981 

108.4 

26.3 

51.6 

1982 

324.8 

22.2 

68.0 
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Table  5.4-4. 


Vegetation  types  and  hostplants  sampled  during  1981  and  1982. 
Sampling  occurred  from  April  to  October  unless  otherwise 
specified.  Values  represent  number  of  replicates  taken  each 
month  sampled. 


Vegetation 

Transect 

Hostplant 

1981 

1982 

Type 

Sweep 

Sweep 

Beat 

Greasewood 

G-1 

Big  Sagebrush 
Rubber  Rabbitbrush 
Greasewood 

20^ 

10 

10 

10 
10 
10 

10 

G-2 

Big  Sagebrush 
Spiny  Hopsage 

20^ 

10 
10 

10 

G-3 

Big  Sagebrush 

20^ 

10 

10 

Juniper 

J-1 

Big  Sagebrush 
Utah  Juniper 
Sticky-leaved  Rabbitbrush 

20^ 

10 

10 

10 
10 

10 
10 

J-5 

Big  Sagebrush 

20^ 

10 

- 

Shadscale 

S-1 

Big  Sagebrush 

Shadscale 

Spiny  Horsebrush 

Sticky-leaved  Rabbitbrush 

20^ 
10 

10-^ 

10 
10 
10 

10 

S-4 

Big  Sagebrush 

20^ 

10 

10 

Riparian 

R-2 

Big  Sagebrush 
Rubber  Rabbitbrush 
Cottonwood 

20^ 
10 

10 
10 

10 
10 

R-4 

Big  Sagebrush 

- 

- 

10 

Bunchgrasses 

^1 , r-. ,- 

BG-1 

Agropyron  spicatum  ^ 
Oryzopsis  hymenoides 

- 

- 

10 
10 

1 ^  __^-___^ 

2reduced  to  10  samples  in  August  through  October 
^not  sampled  in  April 
.sampled  in  April  only 

gfive  trees  sampled  in  R-2,  5  in  R-4,  in  June  only 
both  grasses  treated  as  one  taxon 
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Table  5.4-5.  Total  numbers  of^  individuals  caught  in  1981  and  1982  in  9 
functional  groups*  of  foliage  invertebrates.  Data  are  from 
sweep  and  beat  samples.  Number  of  samples  were  not  equal  (see 
Table  5.4-4). 


1981 


1982 


Functional  Group 


Sweeping 


Sweeping 


Beating 


Sap-feeders 

12,280 

Leaf-chewers 

1,183 

Predators 

1,113 

Parasites 

740 

Decomposers 

381 

Omnivores 

340 

Flower-feeders 

123 

Diptera 

780 

Non-feeders 

63 

16,927 

45,976 

1.056 

3,772 

1,130 

3,307 

930 

1,592 

511 

3,948 

487 

774 

77 

152 

717 

665 

51 

143 

TOTAL 


17,003 


21,886 


60,329 
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vidually  (Figs.  5.4-9  through  5.4-11).  For  all  hostplants  combined  the  dif- 
ference in  abundance  between  year?  was  significant  (p<0.00l),  as  was  the 
difference  among  months  (p<0.001,  ANOVA).  The  second  general  pattern  was  that 
populations  peaked  later  in  the  season  in  1982,  and  showed  continued  higher 
levels  after  July.  This  pattern  was  statistically  significant  as  the  year  X 
month  interaction  revealed  (p<0.001),  for  all  hostplants  combined.  The  higher 
levels  and  delayed  peaks  of  foliage  invertebrates  in  1982  were  evident  for 
most  functional  groups  (Fig.  5.4-7).  Greater  foliage  invertebrate  abundance 
in  1982  was  probably  the  result  of  higher  moisture  availability  whereas  de- 
layed population  peaks  in  1982  was  probably  the  result  of  a  later  increase  of 
degree-days  (Fig.  5.4-6).  These  patterns  and  others  will  be  discussed  by 
focusing  on  differences  among  hostplants  and  vegetation  types.  Biomass 
(mg/mM  of  foliage  invertebrates  was  approximately  equal  between  1981  and  1982 
for  all  hostplants  combined,  but  population  development  was  slightly  later  in 
the  summer  (Fig.  5.4-8). 

5.4.2.3  Hostplant  Species  Of  the  hostplants  sampled  with  the  same 
technique  in  1981  and  1982  (sweep  net),  all  showed  greater  foliage  inverte- 
brate abundance  (ind/mM  in  most  months  of  1982  (Figs.  5.4-9  through  5.4-11, 
Table  5.4-6).  The  greatest  increase  was  for  big  sagebrush  (Artemisia  triden- 
tata),  which  had  a  mean  abundance  3.3  times  greater  in  1982  (p<0.001).  There 
were  also  increases  of  2.2  for  greasewood  (Sarcobatus  vermiculatus)  (p<0.001), 
2.0  for  spiny  horsebrush  (Tetradymia  spin_osa)  (p<0.001).  1.9  for  rubber 
rabbitbrush  (Chrysothamnus  nauseosus)  (p<0.05),  1.9  for  sticky-leaved  rabbit- 
brush  (Chrysothamnus  vicidif lorus)  (not  significant),  and  1.5  for  shadscale 
(Atriplexconferti folia)  (not  significant).  Mean  richness  (number  of 
families)  was  greater  in  1982  on  big  sagebrush,  both  rabbitbrushes,  grease- 
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Monthly  abundance  (ind/m^)  of  foliage  invertebrates  in  1981  and 
1982  on  big  sagebrush,  rubber  rabbi tbrush,  and  sticky-leaved 
rabbi tbrush.  Gross  plant  phenology  for  1982  is  shown  in  the 
horizontal  bar  above  each  graph.  Phenological  stages  were  leaf 
(L) ,  flowering  (F) ,   and  seed  (S) . 
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Fig.  5.4-10.  Monthly  abundance  (ind/m^)  of.  foliage  invertebrates  in  1981  and  1982 
on  spiny  horsebrush,  spiny  hopsage,  shadscale  and  greasewood.  Gross 
plant  phenology  for  1982  is  shown  in  the  horizontal  bar  above  each 
graph.  Phenological  stages  were  leaf  (L) ,  flowering  (F) ,  seed  (S) , 
and  leaf  drop  (D) . 
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Fig.  5.4-11.  Monthly  abundance  (ind/m^)  of  foliage  invertebrates  in  1981  and  1982 
on  Utah  juniper,  and  bunchgrasses  (Agropyron  spicatum  and  Qryzopsis 
hymenoides) .  Gross  plant  phenology  for  1982  is  shown  in  the 
horizontal  bar  above  each  graph.  Phenological  stages  were  leaf  (L) , 
flowering  (F) ,  and  seed  (S) . 
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wood,  shadscale,  and  spiny  horsebrush.  The  largest  difference  was  on  big 
sagebrush,  even  though  fewer  samples  were  taken  in  1982  (Table  5.4-7).  Mean 
values  of  diversity  (H')  were  greater  in  1982  for  sticky-leaved  rabbitbrush, 
greasewood,  spiny  horsebrush,  and  shadscale,  but  lower  in  1982  for  big  sage- 
brush and  rubber  rabbitbrush  (Table  5.4-7). 

In  both  1981  and  1982  foliage  invertebrate  abundance  was  significantly 
different  between  months  for  all  hostplants  considered  individually  (p<0.001). 
Foliage  invertebrate  abundance  typicaly  peaked  in  June  and  July,  with  secon- 
dary peaks  in  September  and  October  (Figs.  5.4-9  to  5.4-11).  Family-level 
richness  and  diversity  followed  the  same  pattern,  being  low  in  the  spring  and 
peaking  in  early  to  mid-summer  (Table  5.4-7).  Figures  5.4-9  through  5.4-11 
demonstrate  that  these  monthly  population  changes  were  related  to  gross  plant 
phenology  of  the  individual  hostplant,  which  in  turn  is  correlated  with  per- 
cent soil  moisture.  Foliage  invertebrate  abundance  peaked  on  big  sagebrush  in 
the  leaf  and  flowering  stages  and  on  Utah  juniper  (Juniperus  osteosperma)  in 
the  "seed"  stage.  For  all  other  hostplant  species  it  peaked  in  the  flowering 
to  seed  production  stages.  The  2  hostplants  which  lost  their  leaves  during 
the  summer,  spiny  hopsage  (Grayia  spinosa)  and  horsebrush,  had  the  lowest 
levels  of  foliage  invertebrates  after  August  (Fig.  5.4-10).  Thus  the  other 
hostplants  which  retained  their  leaves  and  had  the  ability  for  continued  plant 
biomass  production  also  sustained  greater  levels  of  foliage  invertebrates. 

We  observed  significant  differences  among  hostplants  in  foliage  inverte- 
brate abundance  (p= 0.001).  Mean  invertebrate  abundance  during  1981  and  1982 
was  greatest  on  sticky-leaved  rabbitbrush  and  lowest  on  Utah  juniper.  Analy- 
sis of  abundance  ranks  showed  that  sticky-leaved  rabbitbrush,  rubber  rabbit- 
brush, and  big  sagebrush  had  the  greatest  invertebrate  abundance  and  were  not 
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statistically  different  from  each  other,  followed  by  groups  composed  of 
greasewood  and  shadscale,  spiny  hopsage  and  horsebrush,  and  Utah  juniper 
(Table  5.4-8).  These  groupings  appear  to  be  explainable  on  the  basis  of 
phenological  growth  patterns,  observed  in  1982  (Figs.  5.4-9  through  5.4-11). 
Both  rabbitbrushes  and  big  sagebrush  show  continual  growth  throughout  the 
season.  Greasewood  and  shadscale  had  rapid  growth  early  in  the  season,  re- 
tained their  leaves,  but  showed  little  or  no  more  growth  after  July.  Spiny 
hopsage  and  horsebrush  dropped  most  of  their  leaves  in  August. 

Family-level  richness  (R)  showed  a  pattern  similar  to  that  of  abundance 
(Table  5.4-7).  Big  sagebrush  and  rubber  rabbitbrush  had  the  highest  levels  of 
R,  followed  by  sticky-leaved  rabbitbrush,  greasewood,  Utah  juniper,  spiny 
hopsage,  spiny  horsebrush,  and  shadscale.  Patterns  of  family-level  diversity 
were  roughly  the  same,  though  less  clear. 

In  1982,  sampling  of  bunchgrasses ,  Agropyron  spicatum  and  Oryzopsis 
hymenoides,  began.  No  comparison  of  abundance  on  bunchgrasses  to  shrubs  is 
made  because  different  life  forms  (grass  vs.  shrub)  are  not  comparable  using 
volume  measurements.  Family-level  richness  appears  to  be  moderate  for  bunch- 
grasses (Table  5.4-7).  Cottonwood  (Populus  fremontii )  was  sampled  in  June 
1982.  It  had  moderate  levels  of  abundance  and  diversity  (Tables  5.4-6  and 
5.4-7).  However,  due  to  the  large  volume  of  cottonwood,  this  tree  species  is 
a  very  important  producer  of  invertebrates  in  Riparian  vegetation. 

5.4.2.4  Vegetation  Types  The  differences  in  foliage  invertebrate  faunas 
between  vegetation  types  may  be  viewed  by  comparing  them  without  regard  to 
hostplant  (i.e.,  by  lumping  all  hostplant  species),  and  also  by  comparing  big 
sagebrush  by  itself  in  different  vegetation  types.  In  both  cases  the  same 
patterns  of  yearly  and  monthly  variations  appeared  as  was  observed  for  indi- 
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Table  5.4-8. 


Rankings  of 
collected  in 
means  across 
Newman -Keu Is 


abundance  (ind/m^  of  foliage   invertebrates 

sweep  samples  of  8  hostplants.   Abundances  are 

all  years  and  months.   Ranks  were  tested  with 

multiple  comparison  test  (Zar  1974)  on  log  (X+1) 


transformation.   Ranks  that  are  not 
(p<0.05)  are  shown  connected  by  lines. 


significantly  different 


Hostplant 


Abundance 


Sticky-leaved  Rabbitbrush 

Rubber  Rabbitbrush 

Big  Sagebrush 

Greasewood 

Shadscale 

Spiny  Hopsage 

Spiny  Horsebrush 

Utah  Juniper 


195.5 

145.6 

119.5 

38.3 

37.5 

32.1 

20.6 

4.7 
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vidual  hostplants.  Significant  differences  in  abundance  (ind/m'  )  among  years 
and  months  (p<0.001)  occurred  as  well  as  a  significant  year  X  month  interac- 
tion (p<0.001),  which  means  that  the  invertebrate  populations  peaked  in  dif- 
ferent months  in  1981  and  1982.  In  particular,  late  season  peaks  were  more 
evident  in  1982. 

For  all  hostplants  together,  or  big  sagebrush  by  itself,  there  were 
significant  differences  in  foliage  invertebrate  abundance  among  vegetation 
types  (p< 0.001),  and  ranking  patterns  were  essentially  identical  for  1981  and 
1982  combined.  In  both  cases  the  Riparian  vegetation  type  had  significantly 
greater  (p<0.05)  foliage  invertebrate  abundance  than  all  other  vegetation 
types.  Greasewood  and  Juniper  vegetation  types  were  not  statistically  dif- 
ferent, and  both  had  significantly  greater  (p<0.05)  abundance  than  Shadscale 
vegetation  type  (Table  5.4-9,  see  also  Tables  5.4-10  and  5.4-11).  Foliage 
invertebrate  abundance  usually  peaked  in  June  in  Greasewood,  Juniper,  and 
Shadscale  vegetation  type  and  July  in  Riparian  (Fig.  5.4-12).  There  was  a 
significant  month  X  vegetation  interaction  (p<0.001),  which  means  that  foliage 
invertebrate  populations  peaked  in  different  months  in  different  vegetation 
types. 

Foliage  invertebrate  richness  showed  patterns  similar  to  abundance.  Big 
sagebrush  had  highest  levels  of  family-level  richness  in  Riparian  vegetation 
type,  followed  by  Greasewood,  Juniper,  and  Shadscale  (Table  5.4-12).  Richness 
peaked  in  June  in  Greasewood,  Juniper,  and  Shadscale  vegetation  types,  and  it 
peaked  in  June  to  July  in  Riparian  vegetation  type.  Biomass  (mg/m^  )  of  fol- 
iage invertebrates  did  not  show  any  clear  differences  between  1981  and  1982 
(Fig.  5.4-13).  It  was  approximately  the  same  in  Riparian,  Juniper,  and 
Greasewood  vegetation  types,  and  lower  in  Shadscale  vegetation  type. 
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Table  5.4-9.   Rankings   of  abundance  (ind/mM  of  foliage   invertebrates 

collected   in  sweep  samples  of  4  vegetation  types,   all 
hostplants  together  and  big  sagebrush  only.  Abundances  are 

means  for  all  months,  1981  and  1982.  Ranks  were  tested  with 

Newman-Keuls  multiple  comparison  test  (Zar  1974)  on  log  (X+1) 

transformation.   Ranks  which  are  not  significantly  different 
(p<0.05)  are  shown  connected  by  lines. 

Vegetation  Type  Abundance 

All  Hostplants                  Riparian  225.0 

Greasewood  108.4 

Juniper  91.7 

Shadscale  46.4 

Big  Sagebrush                   Riparian  288.2 

Greasewood  118.5 

Juniper  69.5 

Shadscale  53.7 
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Fig.  5.4-13.  Mean  bianass  (mg/m^)  of  foliage  invertebrates  in  4 
vegetation  types  each  month  frcm  i^ril  to  October 
in  1981  and  1982.  Data  are  fron  sweep  sanples  for 
all  hostplants  ccjnbined. 
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Abundance  (ind/m' )  of  sap  feeders,  predators,  omnivores,  and  Diptera 
showed  the  same  pattern  across  vegetation  types  as  total  foliage  invertebrate 
abundance  shown  in  Fig.  5.4-12.  These  groups  were  greatest  in  abundance  in 
Riparian,  followed  by  Greasewood,  Juniper,  and  Shadscale  vegetation  types 
(Fig.  5.4-14).  Abundance  of  leaf-chewers,  parasites,  and  decomposers  were 
greatest  in  Juniper,  followed  by  Riparian,  Greasewood,  and  Shadscale  (Fig. 
5.4-14). 

5.4.2.5  Sweeping-Beating  Comparison  The  mean  foliage  invertebrate  abun- 
dance (ind/mM  on  big  sagebrush  in  all  vegetation  types  for  sweep  samples  was 
195.5  and  for  beat  samples  it  was  1064.9.  Thus  capture  rate  was  increased  5.4 
times  using  beating  methods  with  no  increase  in  field  time.  Another  important 
aspect  of  the  abundance  comparison  was  the  coefficient  of  variation  or  CV  (Zar 
1974).  Using  untransformed  data  the  CV  for  the  sweep  samples  was  4.8,  and  for 
beat  samples  it  was  2.0.  Using  log  (X+1)  transformed  data  the  CV  for  sweep 
samples  was  4.0,  and  for  beat  samples  it  was  0.2.  Thus,  in  either  case,  the 
beating  technique  reduced  the  CV  by  a  factor  of  at  least  two,  which  would 
enable  one  to  statistically  detect  changes  of  smaller  magnitude.  Mean  family- 
level  richness  for  the  sweep  samples  was  27  and  for  the  beat  samples  it  was 
40.  Finally,  the  mean  family-level  diversity  (H')  for  the  sweep  samples  was 
1.78,  and  for  the  beat  samples  it  was  2.01.  Thus,  estimates  of  abundance, 
richness,  and  diversity  were  all  increased  using  the  beating  method,  and 
statistical  variability  of  abundance  was  decreased. 

5.4.2.6  Discussion  Abundance  and  richness  of  foliage  invertebrates 
increased  dramatically  between  1981  and  1982,  on  all  hostplants  and  in  all 
vegetation  types.  Soil  moisture  was  consistently  greater  in  1982.  Thus  it 
appears  that  abundance  and  richness  may  reflect  changes  in  water  conditions. 
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along  with  plant  biomass.  Ironically,  biomass  of  foliage  invertebrates  showed 
no  difference  between  years.  This  may  mean  that  certain  groups  with  very  low 
biomass  (e.g.,  aphids,  thrips)  increased  from  1981  to  1982,  but  others  with 
greater  biomass  (e.g.,  grasshoppers,  beetles)  showed  little  or  no  change.  One 
of  our  future  goals  is  to  assess  the  sensitivity  of  various  foliage  inverte- 
brate taxa  to  environmental  changes  (between  years,  months,  vegetation  types, 
and  hostplants),  and  to  determine  their  usefulness  as  indicator  taxa. 

5.4.3  Amphibians  and  Reptiles  Only  one  amphibian  was  seen  on  Tracts  Ua 
and  Ub  in  1982:  Woodhouse's  toad  (Bufo  woodhousei ).  This  was  seen  in  the 
Riparian  in  August. 

Estimates  of  reptile  populations  in  all  habitats  were  conducted  in  June, 
historically  the  month  of  highest  overall  reptile  abundance.  Climate  is 
probably  the  most  important  factor  influencing  reptile  population  changes  and 
the  severity  of  a  particular  winter  and  subsequent  spring  thaw  and  early 
summer  warmth  affect  reptile  abundance.  The  winter  of  1982  was  only  about  3°C 
colder  than  average,  but  it  was  significantly  wetter  than  1981  with  almost  2.5 
more  inches  of  precipitation  during  the  6  months  prior  to  June  sampling.  Most 
of  this  precipitation  fell  in  the  winter,  whereas  the  spring  was  unusually  dry 
(Fig.  5.2-1).  Spring  temperatures  during  1982  were  slightly  cooler  with 
maximum  and  minimum  temperatures  during  June  1982  approximately  5°C  colder 
than  in  1981.  Cumulative  degree-days  using  total  degrees  above  15°C  for  each 
calendar  day  from  1  January  to  30  June  were  calculated  for  1981  and  1982.  By 
June  1981,  284  degree-days  had  accumulated  as  compared  to  only  154  for  the 
same  6  month  period  in  1982.  This  decrease  in  the  amount  of  available  heat 
was  paralleled  by  an  overall  decline  in  lizard  sightings  of  about  20%. 
Species  richness  and  diversity  in  all  habitats  remained  almost  unchanged. 
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Six  species  of  lizard  and  2  species  of  snake  were  recorded  on  the  tracts. 
All  lizard  species  present  in  June  1981  were  also  present  in  June  1982  and 
included:  eastern  fence  lizard  (Scoloporus  undulatus).  tree  lizard  (Urosaurus 
ornatus) ,  side-blotched  lizard  (Uta  stansburiana) ,  sagebrush  lizard 
(Sceloporus  graciosus),  western  whiptail  (Cnemidophorus  tigris).  and  short- 
horned  lizard  (Phrynosoma  douglassi).  In  June  1981,  the  only  snake  encoun- 
tered on  transects  was  the  midget-faded  rattlesnake  (Crotalus  viridis 
concolor).  In  June  1982,  no  rattlesnakes  were  observed  on  transects  but  both 
the  desert  striped  whipsnake  (Masticophis  taeniatus)  and  yellow-bellied  racer 
(Coluber  constrictor)  were  recorded.  Because  few  snakes  and  no  amphibians 
were  recorded  on  the  flushing  transects,  any  conclusions  concerning  abundance 
for  these  species  must  be  based  on  opportunistic  sightings. 

Reptile  abundance  in  1982  in  both  Greasewood  and  Shadscale  habitats 
(Figs.  5.4-15  and  5.4-16)  declined  only  slightly  (means  declined  12%  and  7%, 
respectively)  from  1981  abundance  levels.  In  Juniper,  however,  mean  reptile 
abundance  was  46%  below  the  1981  level  (Fig.  5.4-17).  This  rather  large 
decrease  in  abundance  may  in  part  be  due  to  inclement  weather  at  the  time  of 
the  June  sampling.  Daily  minimums  at  that  time  were  still  near  5°C  and  daily 
maximums  reached  only  22°C.  The  Juniper  habitat  has  sparse  plant  cover  and 
shallow  soils  and,  consequently,  a  low  ability  to  buffer  climatic  extremes. 
The  cold  temperatures  result  in  diminished  lizard  activity  levels,  which  would 
make  it  appear  as  though  population  densities  had  decreased.  An  analysis  of 
I'izard  data  form  1975-1981  showed  that  when  temperatures  were  below  15°-16°C 
the  number  of  lizards  seen  on  transects  was  depressed  compared  to  days  when 
temperatures  were  above  16°C. 

In  the  Riparian  habitat,  mean  reptile  abundance  in  1982  was  33%  greater 
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than  in  1981,  back  within  the  7-year,  95%  confidence  limits  (Fig.  5.4-17). 
The  wide  confidence  limits  on  abundance  in  riparian  indicate  erratic  between- 
year  variation.  Although  some  of  this  variation  is  undoubtedly  due  to  dif- 
fering conspicuousness  of  lizards  depending  on  the  amount  of  herbaceous  ground 
cover,  there  is  no  consistent  relationship  between  biomass  of  annual  plants 
and  lizards  seen  on  transect  (r=0.48,  p=0.10).  The  R-4  transect  apparently 
has  lower  lizard  abundance  than  R-2  (Fig.  5.4-17).  Lizard  species  richness  and 
diversity  stayed  within  or  returned  to  within  95%  confidence  intervals  on  most 
transects.  Some  changes  between  1981  and  1982,  however,  were  noted.  In 
Greasewood  diversity  declined  between  1981  and  1982  on  all  3  transects.  This 
was  an  artifact  of  the  lower  abundance  in  1982;  the  rarer  species  simply  were 
not  seen  although  they  probably  were  still  present.  On  the  other  hand,  diver- 
sity on  R-2  increased  sharply  between  1981  and  1982,  and  came  back  within  the 
95%  confidence  limits.  The  causes  of  low  diversity  in  1981  on  R-2  are 
unknown. 

5.4.4  Birds  Results  of  monitoring  bird  communities  are  divided  into  6 
sections:  winter  birds,  spring  birds,  summer  (breeding)  birds,  raptors, 
threatened  and  endangered  species,  and  waterfowl. 

5.4.4.1  Winter  Bird  Community  The  winter  bird  community  on  Tracts  Ua 
and  Ub  has  been  highly  variable  from  1975  to  1982.  Variation  in  February  was 
not  only  high  among  years  (consuming  biomass  ranged  from  128  g/20  ha  in  1980 
to  1241  g/20  ha  in  1976,  means  across  4  habitats),  but  also  across  habitats 
(157  g/20  ha  in  Shadscale  to  734  g/20  ha  in  Riparian,  mean  over  8  years). 
Differences  in  community  consuming  biomass  among  years  and  habitats  were  not 
significant  (F^  20=''-^^'  P=0.29  for  years;  F3  20=1-05,  p=0.39  for  habitats). 

High  variability  results  form  the  fact  that  many  species  forage  in  flocks 
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in  the  winter.  For  example,  rosy  finches  (Leucosticte  arctoa)  usually  found 
in  flocks,  were  the  most  abundant  species  in  Greasewood  and  Juniper  in  Febru- 
ary 1982  (112  ind/20  ha  in  Greasewood,  105  ind/20  ha  in  Juniper,  Table  5.4- 
13).  Previous  high  density  in  February,  for  this  species  in  Greasewood  was  57 
ind/20  ha  in  1976  and  in  Juniper  it  was  88  ind/20  ha  in  1977.  The  second  most 
abundant  species  in  1982  was  the  pinyon  jay  (Gymnorhinus  cyanocephalus)(33.5 
ind/20  ha  in  Juniper),  another  species,  that  forages  in  flocks.  Because  of 
the  patchy  distribution  of  flocking  species,  they  are  usually  encountered  in 
high  numbers  or  not  at  all,  resulting  in  high  variability. 

Because  of  the  high  density  of  rosy  finches  in  1982,  the  February  1982 
bird  community  was  heavily  dominated  by  granivores  (Table  5.4-14).  A  large 
contribution  by  omnivores  in  Juniper  represents  pinyon  jays. 

5.4.4.2  Spring  Bird  Community  The  spring  bird  community,  unlike  that  in 
winter,  showed  significant  differences  among  years  (F^  2i=2.28,  p=0.07  for 
consuming  biomass).  Consuming  biomass  in  April  1982  was  significantly  higher 
than  that  in  April  1981. 

The  April  bird  communities  were  dominated  by  ground  foragers  including 
granivores,  omnivores,  and  insectivores  (Table  5.4-15).  Several  insectivore 
guilds  that  are  usually  present  in  spring  were  not  recorded  during  April  1982, 
but  this  is  likely  due  to  the  much  reduced  sampling  effort  in  April  1982 
(three  days  on  four  transects).  Because  of  the  lack  of  sighting  of  some  of 
the  rarer  species,  we  will  return  to  a  full  sampling  regime  (five  days  on 
eight  transects)  in  1983. 

The  most  common  species  during  April  was  dark -eyed  junco  (Junco 
hyemalis)(19.4  ind/20  ha  in  Greasewood,  15.2  ind/20  ha  in  Juniper,  42.5  ind/20 
ha  in  Riparian;  Table  5.4-13),  a  migratory  species  not  usually  present  in 
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Table  5.4-13, 


Bird  species  of  the  Utah  Oil  Shale  Tracts,  Ua  and  Ub  in  1982. 
Species  are  divided  into  raptors,  aquatic  species  (abundance 
presented  as  ind/km  for  both)  and  terrestrial  species  (density 
presented  as  ind/20  ha).  Species  present  but  not  on  transects 
are  denoted  by  "X".  Abundance  for  aquatic  species  in  April  are 
from  a  canoe  transect  on  the  White  River. 


Species 

Habitat* 

February 

April 

June 

RAPTORS 

Turkey  Vulture 
Cathartes  aura 

S 
R 

X 

0.2 

Golden  Eagle 
Aquila  chrysaetos 

G 
J 
S 
R 

X 
X 
X 
X 

0.2 
0.1 

Bald  Eagle 
Haliaeetus  leucocephalus 

S 

R 

X 

X 
X 

Cooper's  Hawk 
Accipiter  cooperii 

J 
R 

X 

0.3 

0.3 

Sharp-shinned  Hawk 
Accipiter  striatus 

R 

X 

Northern  Harrier 
Circus  cyaneus 

G 
S 
R 

X 

X 
X 

Red -tailed  Hawk 
Buteo  jamaicensis 

J 
S 
R 

X 

0.1 

X 

0.3 

0.2 
1.0 

Prairie  Falcon 
Falco  mexicanus 

G 
S 
R 

X 

X 
X 

X 

American  Kestrel 
Falco  sparverius 

G 
J 
S 
R 

X 

0.1 
0.1 

X 

X 

0.1 
0.1 
0.3 
0.7 
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Table  5.4-13  (Continued) 


Species  Habitat*      February     April       June 

RAPTORS  (cont,) 

Great  Horned  Owl  R  XX 

Bubo  virginianus 

Long-eared  Owl  R  XX 

Asio  otus 

AQUATIC  SPECIES 

Canada  Goose  R  X        1.73         X 

Branta  canadensis 

Mallard  R  0.37 

Anas  platyrhynchos 

Gadwall  R  0.14 

Anas  strepera 

American  Wigeon  R  0.07 

Anas  americana 

Northern  Shoveler  R  0.06 

Anas  clypeata 

Lesser  Scaup  R  0.07 

Aythya  aff inis 

Blue-winged  Teal  R  0.05 

Anas  discors 

Green-winged  Teal  R  0.53 

Anas  crecca 

Cinnamon  Teal  R  0.03 

Anas  cyanoptera 

Common  Merganser  R  X        0.03 

Mergus  merganser 

Red-breasted  Merganser         R  0.05 

Mergus  serrator 
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Table  5.4-13  (Continued) 


Species  Habitat*      February     April       June 

AQUATIC  SPECIES  (cont.) 

Great-blue  Heron  R  0.01 

Ardea  herodias 

Sandhill  Crane  Flying  over 

Grus  canadensis  all  habitats 

Killdeer  R  0.01        0.1 

Charadrius  vociferus 

Spotted  Sandpiper  R  0.01 

Actitis  macularia 

Common  Snipe  R  X 

Gallinago  gallinago 

TERRESTRIAL  SPECIES 

Chukar  R  X 

Alectoris  chukar 

Ring-necked  Pheasant  R  X 

Phasianus  colchicus 

Mourning  Dove  G  0.4 

Zenaida  macroura  J  0.8 

S  0.5 

R  1.5 

Yellow-billed  Cuckoo  R  0.3 

Coccyzus  americanus 

Common  Nighthawk  S  0.5 

Chordeiles  minor  R  X 

White-throated  Swift  G  X 

Aeronautes  saxatalis         J  X 

R  X        4.0 

Black-chinned  Hummingbird       J  0.8 

Archilochus  alexandri        R  X 
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Table  5.4-13  (Continued) 


Species  Habitat*     February     April      June 

TERRESTRIAL  SPECIES  (cont.) 

Belted  Kingfisher  R  XX 

Ceryle  alcyon 

Common  Flicker  G  X         X 

Colaptes  auratus  J  0.4  0.5 

S  0.5 

R  X  1.6       0.9 

Hairy  Woodpecker  R         0.7         X 

Picoides  villosus 

2.1       0.8 

0.3 

0.2 
0.7 
6.7 

X        0.2 
X        0.2 

1.0 
X        4.7 

5.0 
0.9 
1.3 


X 

0.3  X         X 

X 

0.3 
0.2 
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Downy  Woodpecker 
Picoides  pubescens 

R 

Western  Kingbird 
Tyrannus  vertical  is 

R 

Ash-throated  Flycatcher 
Myiarchus  cinerascens 

G 
S 
R 

Say's  Phoebe 
Sayornis  saya 

G 
J 
S 
R 

R 

Willow  Flycatcher 
Empidonax  traillii 

Gray  Flycatcher 
Empidonax  wrightii 

J 

Western  Wood  Peewee 
Contopus  sordidulus 

R 

Horned  Lark 
Eremophila  alpestris 

G 
S 
R 

Violet-green  Swallow 
Tachycineta  thalassina 

G 
J 

Table  5.4-13  (Continued) 


Species 


Habitat* 


February 


April 


June 


TERRESTRIAL  SPECIES  (cont.) 

Cliff  Swallow 
Hirundo  pyrrhonota 

S 
R 

7.1 
176.5 

Common  Raven 
Corvus  corax 

G 
S 

0.2 
X 

X 
X 

American  Crow 
Corvus  brachyrhynchos 

S 
R 

X 

X 

Black-billed  Magpie 
Pica  pica 

G 
J 
R 

X 
X 

X 
X 
X 

X 

Pinon  Jay 
Gymnorhinus  cyanocephalus 

G 
J 
R 

0.4 
33.5 

14.4 
24.7 
X 

0.1 
0.5 

Clark's  Nutcracker 
Nucifraga  Columbiana 

J 
R 

X 

X 

X 

Black-capped  Chickadee 
Parus  atricapillus 

S 
R 

X 

0.6 

3.4 

2.9 

Mountain  Chickadee 
Parus  gambeli 

R 

X 

Plain  Titmouse 
Parus  inornatus 

J 

1.6 

X 

0.4 

Bushtit 

Psaltriparus  minimus 

J 
R 

7.4 
1.0 

X 

White-breasted  Nuthatch 
Sitta  carolinensis 

R 

0.4 

House  Wren 
Troglodytes  aedon 

R 

3.3 

Bewick's  Wren 
Thryomanes  bewickii 

G 
J 

X 

X 

X 

0.9 
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Table  5.4-13  (Continued) 


Species  Habitat*      February     April       June 

TERRESTRIAL  SPECIES  (cont.) 

Long-billed  Marsh  Wren         G  X 

Cistothorus  palustris 


Canon  Wren 
Catherpes  mexicanus 

G 
J 
S 

X 

0.3 

X 
X 

X 
0.3 

Rock  Wren 
Salpinctes  obsoletus 

G 
J 
S 
R 

X 

X 
X 
X 

2.3 

1.7 

1.6 

X 

Gray  Catbird 
Dumetella  carolinensis 

R 

X 

Sage  Thrasher 
Oreoscoptes  montanus 

G 
S 

X 
X 

X 

American  Robin 
Turdus  migratorius 

G 
J 
S 
R 

X 
X 

X 
0.7 

X 

2.5 

Mountain  Bluebird 
Sialia  currucoides 

G 
J 
S 
R 

X 

3.2 

2.2 

X 

4.9 

0.2 
1.2 
0.2 

10.3 

Townsend's  Solitaire 
Myadestes  townsendi 

G 
J 

0.6 
X 

Blue-gray  Gnatcatcher 
Poliptila  caerulea 

G 
J 
S 
R 

0.9 
5.1 
0.9 
9.0 

Ruby-crowned  Kinglet  R  1.4 

Regulus  calendula 

Cedar  Waxwing  R  5.1 

Bombycilla  cedrorum 
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Table  5.4-13  (Continued) 


Species  Habitat*      February     April       June 

TERRESTRIAL  SPECIES  (cont.) 

Northern  Shrike  J          X 
Lanius  excubitor 

Loggerhead  Shrike  G         X 

Lanius  ludovicianus  J 

S 

European  Starling        '  S 

Sturnus  vulgaris  R          X 

Solitary  Vireo  R 
Vireo  solitarius 

Warbling  Vireo  R 
Vireo  gilvus 

Vireo  (unid)  R 

Vireo  sp.         / 

Yellow  Warbler  R 
Dendroica  petechia 

Yellow-rumped  Warbler  R 
Dendroica  coronata 

Black-throated  Gray  Warbler  G 

Dendroica  nigrescens  J 

R 

MacGillivray 's  Warbler  R 
Oporornis  tolmiei' 

Yellow-breasted  Chat  R 
Icteria  virens 

Western  Meadowlark  G 

Sturnella  neglecta  J 

S 
R 


X 
X 
X 

X 

0.3 

3.7 

X 

9.9 

0.4 

8.2 

0.4 

22.2 

0.4 

0.6 
8.6 
0.4 

0.8 

4.5 

X 

6.3 
0.4 

0.9 

X 
2.7 

5-61 


Table  5.4-13  (Continued) 

Species  Habitat*      February     April       June 


TERRESTRIAL  SPECIES  (cont.) 

Red-winged  Blackbird 
Agelaius  phoeniceus 

R 

X 

0.7 

Scott's  Oriole 
Icterus  parisorum 

G 
J 

X 

0.1 

Northern  Oriole 
Icterus  galbula 

R 

6.9 

Brown-headed  Cowbird 
Molothrus  ater 

J 
R 

0.6 

18.2 

Western  Tanager 
Piranga  ludoviciana 

J 
R 

0.2 
2.9 

Black-headed  Grosbeak 
Pheuticus  melanocephalus 

R 

3.5 

Blue  Grosbeak 
Guiraca  caerulea 

R 

X 

Lazuli  Bunting 
Passerina  amoena 

G 
R 

0.2 
6.0 

House  Finch 
Carpodacus  mexicanus 

G 
J 
S 
R 

57.5 

1.6 
7.4 

1.2 
32.4 

Rosy  Finch 
Leucosticte  arctoa 

G 
J 
S 

112.0 
105.4 

X 
X 

American  Goldfinch  R  1.0 

Carduelis  tristis 

Rufous-sided  Towhee  G  0.5 

Pipilo  erythrophthalmus  R  6.8       20^2 
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Table  5.4-13  (Continued) 

Species  Habitat*      February     April       June 


TERRESTRIAL  SPECIES  (cont.) 

Lark  Sparrow 
Chondestes  grammacus 

G 
J 
S 
R 

0.3 

0.3 

1.9 

10.9 

• 

Black-throated  Sparrow 
Amphispiza  bilineata 

G 
J 
S 

3.4 
3.7 
3.7 

Sage  Sparrow 
Amphispiza  belli 

G 
S 

2 

11 

.3 
.7 

1.4 
6.5 

Dark-eyed  Junco 
Junco  hyemalis 

G 
J 
S 
R 

X 

20.1 

19 
15 

42' 

.4 
.2 
< 
.5 

Chipping  Sparrow 
Spizella  passerina 

G 
J 
R 

X 

X 

3.9 

Brewer's  Sparrow 
Spizella  breweri 

G 
J 
S 

5.8 
1.0 
1.2 

Song  Sparrow 
Melospiza  melodia 

G 
R 

X 
X 

1 

K 

0.5 

White-crowned  Sparrow 
Zonotrichia  leucophrys 

R 

0.5 

Sparrow  (unid) 

G 
J 
S 
R 

0. 
7. 

.8 
.3 

0.2 
0.5 
0.5 
1.0 

*G  =  Greasewood;  J  =  Juniper;  5  =  Shadscale;  R  =  Ripari 


an 
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Table  5.4-14.  Consuming  biomass  (g/20  ha)  of  avian  foraging  guilds  in 
February  1982  at  the  Federal  Prototype  Shale  Oil  Tracts,  Ua  and 
Ub. 


Guild* 

Vegetat 

ion  Types 

Trophic 
Group* 

Greasewood 

Juniper 

Shadscale 

Riparian 

G 

GGG 

859.0 

816.1 

2.9 

134.6 

0 

GGO 

25.3 

629.8 

- 

- 

I 

- 

41.2 

1.5 

15.0 

BPI 

- 

- 

- 

9.2 

FGI 

- 

32.6 

- 

5.7 

GGI 

- 

8.6 

1.5 

- 

TOTAL 

884.3 

1528.3 

5.9 

164.5 

*see  Table  b.4-15  for  symbol  definitions. 
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Table  5.4-15.  Consuming  biomass  (g/20  ha)  of  avian  foraging  guilds  in  April 
1982  on  the  Federal  Prototype  Shale  Oil  Tracts,  Ua  and  Ub. 


Guild* 

Vegetation  Types 

Trophic 
Group* 

Greasewood 

Juniper 

Shadscale 

Riparian 

G 

GGG 

140.2 

98.0 

81.0 

699.7 

0 

GGO 

270.8 

464.0 

70.0 

I 

AH  I 
BPI 
FGI 

33.7 

5.1 

40.6 

124.6 

180.0 

16.5 
19.4 

GGI 
TOTAL 

28.6 

40.6 

124,6 

144.4 

444.7 

602.6 

205.6 

950.0 

*see  Table  5.4-16  for  symbol  definitions. 
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June. 

5.4.4.3  Breeding  Bird  Community  June  bird  populations  as  measured  by 
total  community  consuming  biomass  showed  significant  difference  among  years 
(Fy  21=2.36,  p=0.06).  Populations  in  the  three  upland  habitats  in  1982  were 
lower  than  the  1975-1981  mean.  In  Riparian  they  were  higher  than  ever  before 
(Fig.  5.4-18).  Because  of  different  types  of  change  in  different  habitats, 
1982  consuming  biomass  (mean  of  four  habitats)  was  not  significantly  different 
from  any  other  year  (LSD, a  =0.05). 

The  dramatic  increase  in  consuming  biomass  in  riparian  habitat  was  due 
primarily  to  one  species:  cliff  swallow  (Hirundo  pyrrhonota).  Although  the 
occurrence  of  this  colonial  nesting  bird  on  Riparian  transects  has  been  er- 
ratic from  1975-1981,  the  dramatic  increase  in  1982  is  partly  due  to  the 
location  of  the  new  transect,  R-4.  Transect  R-4  was  near  three  colonies  of 
cliff  swallows,  totaling  624  nests.  Although  R-4  is  close  to  R-2,  very  few 
cliff  swallows  were  seen  on  R-2.  Community  consuming  biomass,  excluding  cliff 
swallows,  remained  essentially  unchanged  between  1981  and  1982  (Fig.  5.4-18). 

Changes  in  functional  groups  (granivore,  omnivore,  and  insectivore)  were 
different  in  different  habitats  (Fig.  5.4-19,  Fig.  5.4-20,  Table  5.4-16).  In 
Greasewood,  all  3  groups  declined.  In  Juniper,  the  decline  was  most  pronoun- 
ced within  the  insectivore  group  although  granivores  also  declined.  In  Shad- 
scale,  consuming  biomass  of  each  group  stayed  approximately  the  same  with 
omnivores  not  being  represented  in  1982.  These  3  upland  habitats  showed 
little  change  in  the  percentage  contribution  of  each  functional  group  to  the 
total  community.  However,  in  Riparian,  the  increase  in  the  insectivores , 
which  was  primarily  due  to  an  increase  in  cliff  swallows,  resulted  in  a 
community  more  strongly  dominated  by  insectivores  than  in  previous  years. 
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Fig.  5.4-18.  Consuming  bionass  (kg/20  ha)  of  the  bird  coimrunity  in  June 
fron  1975  through  1982  in  four  habitats. 
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Fig.  5.4-19.  Consuming  bionass  (kg/20  ha)  of  three  trophic  groups  in  June 
fron  1975  through  1982  in  Greasewood  and  Juniper.  . 
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Fig.  5.4-20.  Consuming  bianass  (kg/20  ha)  of  three  trophic  groups  in  June 
fron  1975  through  1982  in  Shadscale  and  Riparian. 
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Table  5.4-16.  Consuming  biomass  (g/20  ha)  of  avian  foraging  guilds  in  June 
1982  at  the  Federal  Prototype  Shale  Oil  Tracts,  Ua  and  Ub. 


Guild+ 

Vegetation 

Types 

Trophic 
Group* 

Greasewood 

Juniper 

Shadscale 

Riparian 

G 

GGG 

75.1 

113.2 

104.2 

347.5 

0 

6G0 

7.4 

16.2 

- 

454.4 

I 

41.9 

89.2 

132.8 

2133.6 

AC  I 

1.7 

1.3 

57.4 

1284.9 

AH  I 

1.6 

5.9 

7.3 

105.4 

BGI 

- 

3.7 

- 

17.9 

BPI 

- 

- 

- 

6.6 

FGI 

7.1 

56.7 

8.6 

410.3 

GGI 

31.5 

21.6 

59.5 

308.5 

N 

- 

1.6 

- 

- 

R 

- 

- 

3.8 

- 

TOTAL 

124.4 

220.2 

240.8 

2935.5 

+GGG  =  Ground-gleaning  Granivore;  GGO  =  Ground-gleaning  Omnivore;  ACI  =  Air- 
cruising  Insectivore;  AHI  =  Air-hawking  Insectivore;  BGI  =  Bark-gleaning 
Insectivore;  BPI  =  Bark-probing  Insectivore;  FGI  =  Foliage-gleaning 
Insectivore;  GGI  =  Ground-gleaning  Insectivore;  N  =  Nectarivore;  R  =  Raptor 
(excluding  hawks  and  owls). 
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Consuming  biomass  of  granivores  and  omnivores  in  Riparian  did  not  change 
markedly  between  1981  and  1982. 

In  Greasewood,  changes  in  the  insectivore  group  between  1981  and  1982 
were  mostly  due  to  a  decline  in  ground-gleaning  insectivores  (Fig.  5.4-21, 
Table  5.4-16).  The  3  dominant  species  of  ground-gleaning  insectivores  in 
Greasewood  were  all  lower  in  density  in  1982  than  in  the  1975-1981  mean:  rock 
wren  (Salpinctes  obsoletus),  mean  =  5.0±1.1  (SE),  density  in  1982  was  2.3 
ind/20  ha;  mountain  bluebird  (Sialia  curucoides) ,  mean  =  2.8±1.3,  density  in 
1982  was  0.2  ind/20  ha;  western  meadowlark  (Sturnella  neglecta) ,  mean  = 
2.2±1.0,  density  in  1982  was  0.9  ind/20  ha. 

The  decline  in  the  insectivore  trophic  group  in  Juniper  between  1981  and 
1982  was  caused  by  a  decline  in  all  insectivore  guilds.  The  most  precipitous 
decline  occured  in  plain  titmouse  (Parus  inornatus)(2.1±0.9  to  0.4  ind/20  ha), 
gray  flycatcher  (Empidonax  wrightii )(4.0±0.7  to  0.9  ind/20  ha)  and  an  omni- 
vore:  pinyon  jay  (2.5±1.2  to  0.5  ind/20  ha).  The  apparent  decrease  in  pinyon 
jays  represents  a  shift  in  location  of  the  flock  more  than  a  change  in  popula- 
tion density  as  other  observations  indicated  numerous  successful  nests  in 
1982. 

In  Shadscale,  the  relative  contribution  of  insectivore  guilds  to  the 
insectivore  trophic  groups  was  similar  to  that  observed  in  previous  years 
(Fig.  5.4-22).  Despite  this  constancy  of  the  guilds  in  1982,  individual 
species  in  several  guilds  differed  significantly  from  the  1975-1981  mean. 
Declines  were  observed  for  mourning  doves  (Zenaida  macroura)(2.5±l .6  to  0.5 
ind/20  ha)  and  loggerhead  shrikes  (Lanius  ludovicianus)(l .5±0.7  to  0.3  ind/ha 
in  1982).  Increases  were  observed  for  house  finches  (Carpodacus 
mexicanus)(0.2±0.1  to  1.2  ind/20  ha  in  1982)  and  cliff  swallows  (0.4±0.3  to 
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Fig.  5.4-21. 


Consuming  bionass  (kg/20  ha)  of  insectivore  guilds  in  June  fron 
1975  throuch  1982  in  Greasewood  and  Juniper. 
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7.1  incJ/20  ha  in  1982).  Although  density  of  cliff  swallows  in  Shadscale 
represents  foraging  birds  and  not  breeding  density,  the  high  density  corrobo- 
rates evidence  from  the  Riparian  transects  that  overall  populations  of  cliff 
swallows  were  high  in  1982. 

In  Riparian,  insectivore  guild  structure  was  changed  primarily  by  an 
increase  in  air  cruisers  (Fig.  5.4-22).  In  addition  to  the  increase  in  cliff 
swallows  (58.8±17.7  to  176.5  ind/20  ha  in  1982,  Table  5.4-13)  mentioned  pre- 
viously, increases  were  also  seen  in  other  insectivores:  white-throated  swift 
(Aeronautes  saxatalis)(0.7±0.4  to  4.0  ind/20  ha  in  1982),  willow  flycatcher 
(Empidonax  trailii )(1 .1±0.4  to  5.0  ind/20  ha),  Say's  phoebe  (Sayornis 
saya)(0.3±0.1  to  4.7  ind/20  ha),  MacGillivrays  warbler  (Oporornis 
tolmiei)(0.1±0.2  to  0.8  ind/20  ha),  warbling  vireo  (Vireo  gilvus)(l .0±0.5  to 

8.2  ind/20  ha),  common  flicker  (Colaptes  auratus)(0.1±0.4  to  0.9  ind/20  ha), 
mountain  bluebird  (1.8±1.0  to  10.3  ind/20  ha),  and  European  starling  (Sturnus 
vulgaris)(2.4±0.6  to  9.9  ind/20  ha).  At  the  same  time  one  species,  a  grani- 
vore ,  decreased  in  density  in  Riparian  (mourning  dove,  4.1±1.0  to  1.5  ind/20 
ha  in  1982). 

The  generally  low  bird  population  in  June  1982  in  the  three  upland 
habitats  can  probably  be  attributed  to  a  poor  food  resource  resulting  from  low 
precipitation.  Mean  spring  precipitaion  in  1982  (3.5  cm)  was  lower  than  in 
any  other  year  since  1975  (Fig.  5.2-1).  Data  from  1975  through  1981  showed  a 
significant  positive  correlation  between  spring  precipitation  and  consuming 
biomass  of  June  bird  cmomunities  (WRSP  1981  Annual  Report).  It  is  presumed 
that  the  quantity  of  food  resources  available  to  birds  is  controlled  by  plant 
productivity  which  in  turn  is  determined  by  the  amount  of  spring  precipita- 
tion. 
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Similarly,  the  high  density  of  cliff  swallows  in  Riparian  has  been  found 
in  the  past  to  be  positively  correlated  with  peak  water  flow  in  the  White 
River,  a  variable  which  is  also  expected  to  correspond  to  food  availability. 
The  peak  flow  in  1982  was  not  only  high  but  was  extended  over  a  long  period. 
Thus,  the  total  community  increase  in  Riparian  is  consistent  with  previously 
hypothesized  relationships. 

June  1982  sampling  in  Riparian  revealed  one  species  that  had  never  before 
been  seen  on  the  site,  gray  catbird  (Dumetalla  carol inensis) ,  and  one  species 
that  had  only  been  seen  once,  in  1977,  yellow-bellied  cuckoo  (Coccyzus 
americanus). 

5.4.4.4  Raptors  A  total  of  58  raptor  nests  of  7  species  were  located  on 
or  near  Tracts  Ua  and  Ub  during  1982  (Table  5.4-17;  Fig.  5.4-23).  Common 
raven  (Corvus  corax)  nests  are  included  in  this  total  because  ravens  are 
partially  predatory  and  their  nests  are  often  used  by  hawks  or  owls.  Eleven 
active  nests  were  located.  Figure  5.4-23  does  not  include  all  nests  because 
some  are  located  off  the  map.  Two  inactive  golden  eagle  (Aquila  chrysaetos) 
nests  and  one  active  prairie  falcon  (Falco  mexicanus)  nest  (that  produced  five 
young)  were  found  along  the  White  River  upstream  of  nests  shown  in  Fig.  5.4- 
23.  Just  north  of  Ignatio  two  red-tailed  hawk  (Buteo  jamaicensis)  nests  and 
two  great  horned  owl  (Bubo  virginianus)  nests  were  located,  all  of  which  were 
inactive  in  1982.  Downstream  on  the  White  River,  an  additional  five  inactive 
golden  eagle  nests  were  found.  All  five  were  on  high  cliffs  overlooking  the 
White  River.  Also,  an  active  long-eared  owl  (Asio  otus)  nest  not  shown  in 
Fig.  5.4-23  was  found  in  Riparian  habitat  near  the  mouth  of  Asphalt  Wash. 

Only  three  of  28  golden  eagle  nests  were  active  in  the  55  sq.  mi. 
searched  in  1982.  This  represents  a  breeding  density  of  approximately  one 
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Table  5.4-17.  Raptor  nests  located  on  or  near  the  Federal  Prototype  Shale 
Tracts,  Ua  and  Ub  during  1982.  See  Fig.  5.4-23  for  nest 
locations. 


Species  Active  Inactive 

Golden  Eagle  3  25 

Prairie  Falcon  1  4 

Red-tailed  Hawk  3  14 

Cooper's  Hawk  1  0 

Great  Horned  Owl  2  3 

Long-eared  Owl  1  0 

Raven  0  1 

TOTAL  11  47 
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pair  per  20  sq.  mi.  The  three  active  nests  were  all  located  outside  of  the 
boundaries  of  Tracts  Ua  and  Ub.  All  were  in  relatively  inaccessable  or  remote 
sites:  one,  northeast  of  Ub  was  on  an  inaccessable  cliff  directly  over  the 
White  River;  another,  south  of  Tracts  Ua  and  Ub  was  near  the  top  of  a  rock 
pinnacle  about  2  km  from  the  nearest  road;  the  third  was  west  of  Ua  on  a  cliff 
facing  west,  away  from  Asphalt  Wash.  None  of  the  nests  were  visible  from  a 
road.  Whether  or  not  nest  location  was  in  response  to  activity  on  and  near 
the  roads  is  unknown.  In  any  case,  alternative  nest  sites  that  have  been  used 
in  previous  years  are  plentiful. 

A  large  concentration  of  golden  eagle  nests  (eight  nests)  were  found  on 
cliffs  north  of  the  White  River  in  Section  10  (Fig.  5.4-23).  Although  a  pair 
of  eagles  was  seen  in  this  vicinity  in  February,  none  of  these  nests  were  used 
in  1982.  An  active  golden  eagle  nest  was  found  8  km  to  the  northeast  of  these 
nests,  in  the  vicinity  of  Bonanza.  The  pair  using  that  nest  may  also  use  the 
nests  in  Section  10  in  some  years  or  this  concentration  of  unused  nests  may 
represent  a  potential  golden  eagle  territory  that  is  not  presently  occupied. 

Golden  eagle  abundance  (mean  of  four  habitats  measured  along  flushing 
transects)  in  June  1982  was  0.08  per  km,  higher  than  in  June  of  all  previous 
years  except  1975  (0.08)  per  km.  However,  no  golden  eagles  were  seen  from 
transects  in  February  or  April  1982  whereas  the  1975  through  1981  means  were 
0.11  for  February  and  0.05  for  April.  These  apparent  changes,  however,  may 
only  represent  shifts  in  location  as  golden  eagles  have  large  home  ranges. 

The  red-tailed  hawk  was  the  second  most  common  breeding  raptor  on  the 
site  (three  active  plus  14  inactive  nests,  Table  5.4-17).  Many  of  the 
inactive  nests  were  quite  old  and  may  have  been  made  or  used  by  other  species. 
Red-tailed  hawk  nests  were  found  both  on  cliffs  and  in  cottonwood  trees  in 
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Riparian  habitat.  Red-tailed  hawk  abundance  measured  along  flushing  transects 
in  June  1982  (mean  for  4  habitats=0.30)  was  higher  than  the  highest  value 
during  1975-1981  (0.08  in  1978).  This  resulted  from  the  fact  that  the  R-4 
transect  was  close  to  an  active  nest  so  that  sightings  were  much  more  frequent 
than  in  previous  years. 

Other  active  nests  found  on  the  site  were  prairie  falcon  (one  nest  on 
cliffs  near  the  White  River  northeast  of  Ub),  Cooper's  hawk  (Accipiter 
cooperii )(one  nest  in  riparian  habitat),  great  horned  owl  (two  nests),  and 
long-eared  owl  (one  nest  in  riparian  habitat). 

5.4.4.5  Threatened  and  Endangered  Species  The  bald  eagle  (Haliaetus 
leucocephalus)  survey  was  conducted  by  helicopter  on  12  February  1982.  Ten 
bald  eagles  were  counted,  all  along  the  White  River.  Three  bald  eagles  were 
west  of  the  proposed  White  River  dam  site,  one  was  between  the  dam  site  and 
the  Ignatio  bridge  and  six  were  found  between  Ignatio  and  Cowboy  Canyon. 

5.4.4.6  Waterfowl  Eleven  species  of  waterfowl  were  recorded  on  the 
waterfowl  survey,  with  a  mean  abundance  of  5.4  individuals  per  river  mile 
(Table  5.4-18).  The  most  abundant  species  were  Canada  goose  (Branta 
canadensis)(2.8  ind/river  mile),  green-winged  teal  (Anas  crecca)(l .0  ind/river 
mile),  and  mallard  (Anas  platyrhynchos)(0.7  ind/river  mile).  The  other  spe- 
cies --  in  order  of  abundance:  gadwall  (Anas  strepera);  widgeon  (Anas 
americana);  lesser  scaup  (Arythya  aff inis) ;  northern  shoveler  (Anas  clypeata); 
blue-winged  teal  (Anas  discors);  red-breasted  merganser  (Mergus  serrator); 
common  merganser  (M.  merganser);  cinnamon  teal  (Anas  cyanoptera)  --  ranged 
from  0.23  to  0.05  ind/river  mile  (see  Table  5.4-13). 

A  two-way  Analysis  of  Variance  showed  that  numbers  of  Canada  geese  were 
not  significantly  different  among  survey  days  (Fp  33=2. 07,  p=0.14)  but  they 
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Table  5.4-18.  Waterfowl  abundance  (individuals/river  mi)  along  the  White 
River  from  Cowboy  Canyon  to  Asphalt  Wash  during  7-9  April  1982. 


Cowboy  Canyon 
to 
Species      Hell 's  Hole 

Hell's  Hole 

to 

Ignatio 

Ignatio 

to 
Dam  Site 

Dam  Site 

to 
Asphalt 

Total 
Survey 

Canada  Goose* 

2.1 

3.5 

3.3 

2.1 

2.8 

Green-winged  Teal 

1.0 

1.2 

0.6 

1.0 

1.0 

Mallard 

0.2 

1.5 

0.4 

0.7 

0.7 

All  Waterfowl 

3.7 

8.5 

4.8 

4.8 

5.4 

*significantly  different  (p  0.05)  among  river  miles  (see  Text). 
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did  differ  among  river  miles  (F^g  ^q=2A0,   p<0.01).  Mile  12,  approximately 
halfway  between  Ignatio  and  the  proposed  dam  site,  had  higher  goose  densities 
than  all  other  mile  segments  of  the  surveyed  stretch  of  river  (Fig.  5.4-24). 
The  rest  of  the  river  showed  no  consistent  pattern  of  goose  density  over  the 
three  days  surveyed.  There  is  no  obvious  reason  why  mile  12  should  be  more 
attractive  to  Canada  geese  than  other  sections  of  the  river.  Future  surveys 
should  clarify  this  point.  Overall  waterfowl  distribution  is  shown  in  Fig. 
5.4-25. 

Dividing  the  river  survey  into  four  segments  (Table  5.4-18)  showed  some 
areas  of  waterfowl  concentration.  The  section  of  river  from  Hell's  Hole 
Canyon  to  Ignatio  (mile  4  to  mile  7)  had  the  highest  concentration  of  water- 
fowl (8.5  ind/river  mile)  whereas  the  section  from  Cowboy  Canyon  to  Hell's 
Hole  Canyon  (mile  0  to  mile  4)  had  the  lowest  concentration  (3.7  ind/river 
mile).  The  sections  from  Ignatio  to  the  proposed  dam  site  and  from  the  dam 
site  to  Asphalt  Wash  had  intermediate  abundances  (4.8  ind/river  mile,  for  both 
sections). 

5.4.5  Mammals  Discussion  of  mammals  is  divided  into  three  sections: 
rodents  (data  from  trapping  grids),  desert  cottontails  (data  from  flushing 
transects),  and  mule  deer  (data  from  opportunistic  sightings  and  flushing 
transects). 

5.4.5.1  Rodents  Between  1981  and  1982  mean  rodent  density  increased  by 
9%,  richness  decreased  by  4%,  diversity  increased  by  25%,  evenness  increased 
by  29%,  and  biomass  increased  by  48%.  In  the  following  discussion,  1982 
values  for  these  parameters  obtained  from  each  trapping  grid  are  compared  to 
95%  confidence  limits  established  during  1975-1981  on  the  primary  trapping 
grids  (G-1,  J-1 ,  S-1 ,  R-1). 
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In  Greasewood  during  1982,  rodent  diversity  and  evenness  occurred  above 
the  95%  confidence  interval  (CI)(Fig.  5.4-26).  This  increase  in  diversity  and 
evenness  at  G-1  and  G-3  were  due  to  a  significant  decrease  in  Ord's  kangaroo 
rat  (Dipodomys  ordii )  density,  historically  the  dominant  species  in  Grease- 
wood.  However,  at  Greasewood  site  G-2,  which  is  located  in  a  wide  basin  in 
Southam  Canyon  (whereas  G-1  and  G-3  are  located  in  narrower  valleys)  no 
species  was  dominant  (yielding  higher  evenness  and  diversity).  The  slight 
increase  in  density  of  two  large  species,  white-tailed  antelope  squirrels 
(Ammospermophilus  leucurus)  and  desert  woodrats  (Neotoma  lepida)  resulted  in 
the  2-fold  increase  in  biomass  at  G-2. 

In  Shadscale,  the  invasion  of  canyon  (Peromyscus  crinitus)  and  pinon  mice 
(Peromyscus  truei )  at  site  S-4  resulted  in  richness  and  diversity  indices 
occuring  above  the  CI  (Fig.  5.4-27).  The  decrease  in  density  at  both  S-1  and 
S-4  were  due  again  to  a  decrease  in  kangaroo  rat  densities. 

In  Juniper,  4  species,  canyon  and  pinon  mice,  and  desert  and  bushy-tailed 
woodrats  (Neotoma  cinerea) ,  increased  in  density  causing  an  increase  in  total 
density  and  biomass  (Fig.  5.4-28).  Kangaroo  rat  density  decreased  on  both  J-1 
and  J-5.  Richness,  diversity,  and  evenness  at  J-1  remained  above  the  CI  as 
they  were  in  1981.  In  1982  the  antelope  squirrel,  which  had  been  extinct  in 
Shadscale  and  Juniper  since  the  1977  drought,  recolonized  both  habitats  and 
began  approaching  densities  seen  in  1975  and  1976.  The  presence  of  this 
squirrel,  the  two  mice  and  two  woodrats  caused  the  high  richness  and  diversity 
at  J-1. 

Whereas  1982  rodent  density  and  biomass  in  Greasewood,  Shadscale  and 
Juniper  fall  within  the  CI,  rodent  density  and  biomass  in  Riparian  were  well 
above  the  CI  (Fig.  5.4-29).  Nevertheless,  rodent  richness,  diversity,  and 
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evenness  at  sites  R-2  and  R-4  were  within  or  near  the  CI  for  R-1.  The  large 
differences  in  density  and  biomass  between  sites  R-2  and  R-1  were  apparently 
due  to  two  factors.  First,  the  R-1  grid  contains  cottonwood  stands  plus  grass 
and  forbs  near  the  river  bank.  At  site  R-2  the  grid  includes  the  above  plus  a 
substantial  amount  of  rabbitbrush  and  greasewood.  Although  species  composi- 
tions in  R-1  and  R-2  were  very  similar  in  1981  (91%  similarity),  R-2  supported 
four  times  as  many  Ord's  kangaroo  rats,  three  times  as  many  deer  mice 
(Peromyscus  maniculatus)  and  two  times  as  many  western  harvest  mice 
(Reithrodontomys  megalotis)  as  R-1.  Second,  at  R-2,  montane  voles  (Microtus 
montanus)  which  occurred  at  a  density  of  0.4  ind/ha  in  October  1981  increased 
to  22  ind/ha  in  August  1982.  The  increase  in  rodent  density  at  R-2  between 
1981  and  1982  occurred  despite  a  substantial  flash  flood  which  deposited  5  to 
50  cm  of  sediment  over  the  entire  R-2  grid  two  days  prior  to  trapping. 
Apparently,  this  type  of  disturbance  does  not  affect  rodent  populations. 

None  of  the  changes  in  rodent  populations  could  be  ascribed  to  road  and 
plant  site  construction,  or  increased  human  activity  on  Tracts  Ua  and  Ub.  The 
decrease  in  density  of  Ord's  kangaroo  rat  occurred  at  all  sampling  sites. 
Antelope  squirrels,  the  two  woodrats,  and  canyon  and  pinon  mice  all  increased 
in  density  where  they  were  found.  These  changes  could  be  attributed  to  heavy 
precipitation  in  fall  1981  which  favored  abundant  germination  of  seeds  and 
marked  growth  of  annual  and  perennial  plants.  Abundant  germination  of  seeds 
may  have  decreased  seed  availability  causing  the  decrease  in  kangaroo  rats. 
The  high  production  of  above-plant  matter  may  have  led  to  the  increase  in 
herbivorous  and  omnivorous  rodents. 

Since  the  changes  in  rodent  populations  did  not  appear  to  be  due  to  mine 
development  and  road  construction,  which  occurred  at  a  low  level,  results  from 
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1982  are  considered  baseline.  Thus  the  1982  data  for  G-1,  S-1,  and  J-1  can  be 
used  to  calculate  the  mean  and  95%  confidence  intervals  (Table  5.4-19)  for 
detecting  future  development-related  impact  or  enhancement. 

Small  mammals  belong  to  three  trophic  groups:  granivores  (Ord's  kangaroo 
rat  and  Apache  pocket  mouse  [Perognathus  apache]),  herbivores  (desert  woodrat, 
bushy-tailed  woodrat  and  montane  vole),  and  omnivores  (white-tailed  antelope 
squirrel,  least  chipmunk  [Eutamias  minimus]) ,  deer  mouse,  canyon  mouse,  pinon 
mouse,  brush  mouse  [Peromyscus  boylei]),  western  harvest  mouse,  and  golden- 
mantled  ground  squirrel  [Spermophilus  lateralis]).  Changes  in  these  trophic 
groups  from  1975  through  1981  are  illustrated  in  Fig.  5.4-30  for  each  sampling 
site. 

The  granivore  trophic  group  is  strongly  represented  in  Greasewood  and 
Shadscale  habitats  but  poorly  represented  in  Juniper  and  Riparian.  On  both  G- 
1  and  S-1  trapping  grids,  granivores  maintained  fairly  stable  population 
levels  from  1975  through  1979.  But  in  1980  granivore  populations  increased 
dramatically  and  remained  high  in  1981.  These  increases  were  due  to  increases 
in  Ord's  kangaroo  rat  density.  In  1982,  granivore  population  on  G-1  returned 
to  the  1975-1979  level  but  on  S-1  they  remained  high.  Too  few  data  are 
available  to  determine  whether  similar  changes  occurred  on  G-2,  G-3,  and  S-4 
(Fig.  5.4-30).  Causes  of  changes  are  unclear.  However,  these  desert  adapted 
rodents  do  not  appear  to  respond  to  very  moist  conditions  (1975)  or  extreme 
droughts  (1977).  Presumably  the  1980-1981  increase  was  caused  by  increases  in 
seed  resources. 
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Table  5.4-19.  Population  parameters  (±  95%  confidence  interval)  for  rodents 
in  four  habitat  types  on  Utah  Oil  Shale  Tracts,  Ua  and  Ub. 

Habitats 


Population  Parameters  Greasewood*  Shadscale*  Juniper*  Riparian** 

Density,  Ind/ha  20.5±9.2  19.4±11.5  13.7±8.4  14.5±9.8 

Biomass,  Kg/ha  2.2±0.8     1.8±1.1  2.0±1.4  1.0±0.5 

Richness,  No.  spp.  5.1±1.3     4.4±1.3  6.8±1.9  3.8±1.5 

Diversity,  H'  1.19±0.27  1.16±0.18  1.59±0.28  0.65±0.32 

Evenness.  J'  0.74±0.12  0.86±0.10  0.84±0.04  0.58±0.20 

*  Data  from  G-1,  S-1,  and  J-1 ,  197b  to  1982 

**  Data  from  R-1 ,  1975  to  1981 
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Herbivores  are  well  represented  on  J-1  and  R-1  but  uncommon  on  G-1  and 
S-1.  Populations  at  all  sites  were  high  during  1975  and  1976,  wet  years  when 
forbs  and  grasses  were  abundant,  but  following  the  1977-1978  drought,  herbi- 
vore populations  decreased  markedly  on  J-1  and  R-1  and  became  extinct  on  G-1 
and  S-1.  Herbivore  populations  have  increased  on  J-1  and  R-1  since  1981. 
However  on  G-1  and  S-1  herbivores  still  have  not  recolonized  in  measurable 
densities  although  healthy  populations  have  been  recorded  on  G-2,  G-3  and  S-4 
since  1981  (Fig.  5.4-30).  Changes  in  herbivore  populations  in  Riparian  seem 
to  be  dependent  on  annual-plant  biomass  (r=0.67,  df=5,a0.05,  p<0.10)  but  in 
Juniper  the  correlation  is  not  significant  (r=-0.30,  df=6). 

Omnivores  are  well  represented  in  all  habitats.  Populations  were  high  in 
1975  and  1976  but  decreased  drastically  during  the  1977  drought.  In  1977, 
omnivores  were  absent  on  S-1  and  nearly  so  on  J-1.  Omnivores  recovered  quick- 
ly from  the  drought  and  since  1978  populations  have  increased,  although  in  6-1 
and  S-1  populations  have  not  yet  reached  pre-drought  levels. 

5.4.5.2  Desert  Cottontails  Three-way  Analysis  of  Variance  (ANOVA)  showed 
significant  differences  among  years  (F^  yo=70.23,  p<0.001),  seasons 
(F^  7Q=24.50,  p<0.001),  and  habitat  types  (F3  73=13. 90,  p<0.001)  in  density  of 
desert  cottontails  (Sylvilagus  auduboni)  during  1975  through  1982.  Changes 
over  years  indicate  what  appears  to  be  a  cycle  of  population  fluctuations  with 
a  periodicity  of  approximately  six  years  (Fig.  5.4-31).  Least  Significant 
Difference  test  (LSD)(Steel  and  Torrie  1960)  showed  that  most  differences 
between  pairs  of  years  were  significant  with  the  exception  that  the  years  of 
low  density,  1975,  1979,  1980  and  1981,  were  generally  not  significantly 
different  from  each  other.  Populations  in  1976  were  higher  than  in  any  other 
year  and  those  in  1977  were  higher  than  in  any  other  year  except  1976.  Popu- 
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lation  cycles  have  been  reported  for  other  lagomorphs:  black-tailed  jackrabbit 
(Lepus  californicus.  Gross  et  al.  1974)  and  snowshoe  hare  (Lepus  americanus, 
Odum  1971,  p.  191).  Both  these  species  cycle  with  periods  of  approximately 
seven  years.  To  our  knowledge  no  population  cycle  for  desert  cottontails  has 
been  reported.  The  fact  that  cottontail  populations  cycle  limits  their 
utility  in  terms  of  detecting  impacts.  It  has  been  thought  that  population 
cycles  of  animals  are  related  to  changes  in  forage  availability,  which  in  turn 
is  affected  by  overgrazing  by  the  population.  If  this  were  true  for  desert 
cottontails,  an  impact  from  industrial  development  might  be  reflected  in  a 
deviation  from  the  pattern  of  cycle.  However,  in  no  case  has  cause  of  popula- 
tion cycles  been  positively  determined.  Thus,  interpretation  of  changes  in 
desert  cottontail  populations  is  difficult. 

Cottontail  density  increased  in  spring  during  the  reproductive  season  and 
decreased  during  late  fall  and  winter  due  presumably  to  mortality.  Density  in 
February  and  April  was  not  significantly  different.  Density  increased  signif- 
icantly (LSD)  between  April  and  June.  August  populations  were  not 
significantly  different  from  June's,  however  October  populations  were  higher 
than  those  in  June.  Between  October  and  February,  populations  declined 
significantly. 

Differences  among  vegetation  types  in  cottontail  density  were  also  sig- 
nificant. Density  in  Riparian  was  higher  than  in  all  three  upland  habitats. 
This  is  presumably  due  to  the  greater  availability  of  herbaceous  forage  in 
Riparian  habitat.  Density  was  not  significantly  different  between  any  of  the 
upland  habitats. 

5.4.5.3  Mule  Deer  Mule  deer  (Odocoileus  hemionus)  are  uncommon  on 
Tracts  Ua  and  Ub.  Sixteen  mule  deer  were  recorded  along  152  kilometers  of 
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transect  in  1982  (Table  5.4-20).  Most  deer  were  seen  in  April  and  June  (0.18 
and  0.24  deer/km,  respectively),  and  these  were  seen  only  in  Juniper  and 
Riparian  habitats. 

One  hundred  and  twenty-two  deer  sightings  were  made  on  or  near  the  Tracts 
in  1982,  including  observations  both  on  and  off  transects  (Table  5.4-21). 
Deer  were  present  during  all  four  months  sampled  but  were  most  common  in 
April.  All  deer  were  seen  in  either  Juniper  woodland.  Riparian  woodland,  or 
dry,  sparsely  vegetated  canyons  near  the  Riparian  habitats.  The  distribution 
of  these  sightings  in  each  month  is  illustrated  in  Figs.  5.4-32  through  5.4- 
35. 

Herd  sizes  were  largest  in  February  and  April  (4.9  and  5.3,  respectively; 
Table  5.4-21).  In  early  summer  these  herds  broke  up,  and  during  June  and 
August  groups  of  one  to  three  deer,  usually  a  doe  with  one  or  two  fawns,  were 
seen.  The  occurrence  of  fawns  indicates  that  some  reproduction  may  occur  on 
Tracts  Ua  and  Ub,  but  the  most  important  fawning  grounds  in  the  area  are  in 
the  Book  Cliffs  to  the  south.  Insufficient  data  are  available  to  calculate 
reliable  buck-doe  and  fawn-doe  ratios. 
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Table  5.4-20.  Abundance  of  mule  deer  seen  along  flushing  transects  In  1982, 


Month 

Total  kilometers 

Transect 

February 

April 

June 

August 

censu 

sed 

Deer/km 

6-1 

0 

0 

0 

0 

21 

0 

G-2 

0 

- 

0 

0 

15 

0 

G-3 

0 

- 

0 

0 

15 

0 

J-1 

0 

3 

5 

1 

18 

0.50 

J-5 

0 

- 

1 

0 

15 

0.07 

R-2 

0 

0 

3 

0 

18 

0.17 

R-4 

0 

0 

2 

1 

17 

0.18 

S-1 

0 

0 

0 

0 

18 

0 

S-4 

0 

- 

0 

0 

15 

0 

Total  ki] 

[ometers 

censused 

45 

17 

45 

45 

Deer/km 

0 

0.18 

0.24 

0.04 
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Table  5.4-21. 


A   summary  of  all  deer  seen  (both  on  and  off  flushing 
transects)  on  or  near  Utah  Oil  Shale  tracts,  Ua  and  Ub  in  1982. 


Month 

February 

April 

June 

August 

Number  of  sightings 

7 

8 

11 

11 

Number  of  deer 

34 

42 

19 

27 

Bucks 

6 

0 

6 

1 

Does 

24 

0 

7 

11 

Fawns 

4 

0 

1 

12 

Unidentified 

0 

42 

5 

3 

Mean  herd  size 

4.9 

5.3 

1.7 

2.5 

Habitats 

Juniper 

Juniper; 

Riparian  and 

adjacent 

canyons 

Juniper; 
Riparian  and 
adjacent 
canyons 

Juniper; 

Riparian  and 

adjacent 

canyons 
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6.0  WATER  RESOURCES 

6.1   INTRODUCTION 

The  water  resources  monitoring  program  for  the  White  River  Shale  Project 
(WRSP)  was  initiated  in  August  1974,  and  has  continued  without  interruption  to 
the  present  time.  This  section  of  the  Progress  Report  discusses  work  perform- 
ed during  the  period  October  1,  1981  through  September  30,  1982,  which  is 
referred  to  as  the  1982  water  year.  This  program  element  has  been  conducted 
by  VTN  Consolidated,  Inc.  of  Irvine,  California. 

The  1982  water  year  monitoring  program  involved  monitoring  of  surface 
water,  bedrock  aquifers,  alluvial  aquifers,  precipitation  and  evaporation  on 
and  near  the  tracts.  It  also  included  a  formal  description  of  the  Quality 
Assurance  and  Quality  Control  (QA/QC)  program  and  the  documentation  of  efforts 
to  meet  the  QA/QC  program  objectives  as  described  in  the  Environmental  Moni- 
toring Manual  (WRSOC  June  1982),  hereafter  referred  as  the  EMM,  and  a  techni- 
cal memorandum  (VTN  1982)  for  this  project. 

During  the  past  water  year,  field  data  collection  was  performed  by  an 
employee  of  WRSOC,  under  the  direction  of  VTN.  VTN  was  responsible  for  data 
reduction  and  analysis  and  the  preparation  of  reports  for  the  water  resources 
program. 

The  United  States  Geological  Survey  (USGS)  has  been  conducting  its  own 
water  resources  data  collection  program  in  the  southeastern  Uinta  basin 
throughout  the  project  life.  During  the  1982  water  year,  the  USGS  efforts 
involved  collection  of  streamflow  and  water  quality  data  in  the  immediate 
vicinity  of  the  tracts.  The  WRSP  surface  water  monitoring  program  was  design- 
ed to  be  used  in  conjunction  with  portions  of  the  USGS  program  to  meet 
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monitoring  objectives  for  the  project.  All  USGS  data  presented  in  this  report 
are  preliminary  and  subject  to  revision,  since  they  were  "provisional"  at  the 
time  of  report  preparation. 
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6.2     SUMMARY 

Precipitation  was  well    above  average  at  the  WRSP  precipitation  gauges 
during  the  1982  water  year.     Annual    precipitation  on  or  near  the  tracts  ranged 
from  13.80  inches   at  the  plant  site  to  15.73  inches   at  the  mouth  of  Southam 
Canyon.     The   above  normal    precipitation  was   primarily  the  result   of  several 
large  scale  fall    and  summer  storms.     Pan  evaporation  during  the  freeze-free 
period  of  May  through  September  was  similar  to  previous  years. 

Annual   runoff  for  the  White  River  monitoring  stations  6395   (near  Colorado 
State  line)    and  6700   (below  Asphalt  Wash)  was   somewhat    above  normal.     Several 
relatively  large  regional   thunderstorm  runoff  events  occurred  during  October 
1981   and  July  through  September  1982.     Available  suspended  sediment   and  water 
quality  records  did  not  indicate  that  there  were  any  major  differences  between 
the  upstream  station  (6395)    and  downstream  station  (6700)   during  1982,  or 
between  1982  and  previous  years. 

Annual    runoff  and  the  maximum  instantaneous  discharge  for  Evacuation 
Creek  near  the  mouth  (station  6430)   during  1982  were  the  highest   values   out  of 
eight  years  of  record.     Both  were  due  to  the  numerous   and  wide-spread  summer 
thunderstorms  that  occurred   in  the  higher  elevations  of  this  watershed   (off- 
tract).     Suspended  sediment  and  water  quality  data  collected  at  station  6430 
were  generally  similar  to  previous  years.     This  was  expected   since  no  signifi- 
cant project-related  disturbance  has  occurred  to  date  in  this  watershed. 

Annual    runoff  and  the  maximum  instantaneous  discharge  for  Southam  Canyon 
Wash   at  mouth   (station  6610)   during  1982  were  the  second   and  third  highest 
values,   respectively,  out  of  eight  years  of  record.     Station  6602  near  the 
mouth  of  Plant  Site  Wash  recorded   a  1982  annual   runoff  of  7.9  acre-feet   and  a 
maximum  instantaneous  discharge  of  43  cfs.     The  1982  streamflow  record   for 
station  6625  near  the  mouth  of  Asphalt  Wash  is  not   available  at  the  present 
t  i  me . 
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Suspended  sediment  and  water  quality  data  for  Southam  Canyon  Wash  in  1982 
were  similar  to  data  from  previous  years.  This  was  expected  because  no  sig- 
nificant project-related  disturbance  has  occurred  to  date  in  this  watershed. 

Since  there  are  no  suspended  sediment  and  water  quality  records  for  Plant 
Site  Wash  from  previous  years,  the  1982  data  were  compared  to  those  from 
Southam  Canyon  Wash.  This  comparison  indicated  that  suspended  sediment 
concentrations  for  Plant  Site  Wash  were  greater  than  those  for  Southam  Canyon 
at  relatively  small  flows  (<  5  cfs),  but  were  similar  during  larger  flows. 
This  was  attributed  to  the  increased  transport  of  fine-grained  material  (silt 
and  clay)  from  disturbed  areas  within  the  Plant  Site  Wash  drainage.  The 
expected  increase  during  larger  flows  was  probably  masked  out  because  the 
percentage  of  fine-  grained  material  in  suspended  sediment  typically  decreases 
as  flow  increases.  The  increased  transport  of  suspended  sediment  from  Plant 
Site  Wash  did  not  have  a  noticeable  effect  on  the  suspended  sediment  charac- 
teristics of  the  White  River.  There  were  also  notable  differences  for  several 
water  quality  constituents  between  samples  collected  on  September  29,  1982  at 
stations  6602  and  6610.  The  concentrations  of  the  nutrients  (nitrogen  and 
phosphorus  compounds)  in  the  suspended  phase  and  iron  and  nickel  in  the 
dissolved  phase  were  considerably  greater  for  runoff  from  Plant  Site  Wash  than 
for  runoff  from  Southam  Canyon  Wash.  The  cause(s)  for  these  differences  are 
not  fully  understood  at  the  present  time. 

The  USGS  was  unable  to  collect  any  suspended  sediment  or  water  quality 
samples  for  Asphalt  Wash  (station  6625)  during  1982. 

Static  water  level  monitoring  of  Birds  Nest  Zone  wells  during  1982 
indicated  that  there  were  notable  differences  from  previous  years.  Water 
levels  at  well  P-1  began  in  June  to  exhibit  a  series  of  rapid  fluctuations 
that  lasted  through  August.  These  fluctuations  were  uncharacteristic  of  this 
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well,  since  it  had  remained  stable  for  several  years  prior  to  June  1982.  The 
changes  in  water  levels  at  well  P-1  may  have  been  caused  by  surface  excavation 
blasting  occurring  near  this  site  at  the  time. 

Several  Birds  Nest  Zone  wells  (P-2  Lower,  G-5,  G-15  and  G-21)  in  the 
western  portion  of  the  tracts  continued  to  exhibit  slow  and  steady  declines  in 
water  level  that  began  in  mid-1980.  Two  additional  wells  (G-10  and  G-11)  in 
the  central  portion  of  the  tracts  began  to  exhibit  similar  declines  between 
1981  and  1982.  Water  levels  at  the  remaining  Birds  Nest  Zone  wells  (G-8,  G-8A 
and  P-3)  in  the  eastern  and  southeastern  portions  of  the  tracts  were  similar 
to  previous  years.  The  declining  water  levels  in  the  Birds  Nest  Zone  may  have 
been  caused  by  increased  discharge  from  this  zone  to  the  north  or  northwest  of 
the  tracts.  However,  they  are  not  believed  to  represent  any  significant 
depletion  in  storage  of  the  Birds  Nest  Zone  below  the  tracts. 

Water  levels  during  1982  for  wells  monitoring  the  Upper  Aquifer  and  the 
Douglas  Creek  Aquifer  were  stable  and  similar  to  previous  years  of  record. 

Monitoring  results  in  1982  for  the  three  alluvial  wells  indicated  that 
water  level  fluctuations  and  water  quality  were  similar  to  results  for  1982. 
A  water  quality  sample  was  collected  from  well  AG-6-1  at  the  mouth  of  Southam 
Canyon  in  May  1982  in  order  to  define  the  changes  in  baseline  water  quality 
since  the  last  sample  was  collected  in  September  1979. 
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Suspended  sediment  and  water  quality  data  for  Southam  Canyon  Wash  in  1982 
were  similar  to  data  from  previous  years.  This  was  expected  because  no  sig- 
nificant project-related  disturbance  has  occurred  to  date  in  this  watershed. 

Since  there  are  no  suspended  sediment  and  water  quality  records  for  Plant 
Site  Wash  from  previous  years,  the  1982  data  were  compared  to  those  from 
Southam  Canyon  Wash.  This  comparison  indicated  that  suspended  sediment 
concentrations  for  Plant  Site  Wash  were  greater  than  those  for  Southam  Canyon 
at  relatively  small  flows  (<  5  cfs),  but  were  similar  during  larger  flows. 
This  was  attributed  to  the  increased  transport  of  fine-grained  material  (silt 
and  clay)  from  disturbed  areas  within  the  Plant  Site  Wash  drainage.  The 
expected  increase  during  larger  flows  was  probably  masked  out  because  the 
percentage  of  fine-  grained  material  in  suspended  sediment  typically  decreases 
as  flow  increases.  The  increased  transport  of  suspended  sediment  from  Plant 
Site  Wash  did  not  have  a  noticeable  effect  on  the  suspended  sediment  charac- 
teristics of  the  White  River.  There  were  also  notable  differences  for  several 
water  quality  constituents  between  samples  collected  on  September  29,  1982  at 
stations  6602  and  6610.  The  concentrations  of  the  nutrients  (nitrogen  and 
phosphorus  compounds)  in  the  suspended  phase  and  iron  and  nickel  in  the 
dissolved  phase  were  considerably  greater  for  runoff  from  Plant  Site  Wash  than 
for  runoff  from  Southam  Canyon  Wash.  The  cause(s)  for  these  differences  are 
not  fully  understood  at  the  present  time. 

The  USGS  was  unable  to  collect  any  suspended  sediment  or  water  quality 
samples  for  Asphalt  Wash  (station  6625)  during  1982. 

Static  water  level  monitoring  of  Birds  Nest  Zone  wells  during  1982 
indicated  that  there  were  notable  differences  from  previous  years.  Water 
levels  at  well  P-1  began  in  June  to  exhibit  a  series  of  rapid  fluctuations 
that  lasted  through  August.  These  fluctuations  were  uncharacteristic  of  this 
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well,  since  it  had  remained  stable  for  several  years  prior  to  June  1982.  The 
changes  in  water  levels  at  well  P-1  may  have  been  caused  by  surface  excavation 
blasting  occurring  near  this  site  at  the  time. 

Several  Birds  Nest  Zone  wells  (P-2  Lower,  G-5,  G-15  and  G-21)  in  the 
western  portion  of  the  tracts  continued  to  exhibit  slow  and  steady  declines  in 
water  level  that  began  in  mid-1980.  Two  additional  wells  (G-10  and  G-11)  in 
the  central  portion  of  the  tracts  began  to  exhibit  similar  declines  between 
1981  and  1982.  Water  levels  at  the  remaining  Birds  Nest  Zone  wells  (G-8,  G-8A 
and  P-3)  in  the  eastern  and  southeastern  portions  of  the  tracts  were  similar 
to  previous  years.  The  declining  water  levels  in  the  Birds  Nest  Zone  may  have 
been  caused  by  increased  discharge  from  this  zone  to  the  north  or  northwest  of 
the  tracts.  However,  they  are  not  believed  to  represent  any  significant 
depletion  in  storage  of  the  Birds  Nest  Zone  below  the  tracts. 

Water  levels  during  1982  for  wells  monitoring  the  Upper  Aquifer  and  the 
Douglas  Creek  Aquifer  were  stable  and  similar  to  previous  years  of  record. 

Monitoring  results  in  1982  for  the  three  alluvial  wells  indicated  that 
water  level  fluctuations  and  water  quality  were  similar  to  results  for  1982. 
A  water  quality  sample  was  collected  from  well  AG-6-1  at  the  mouth  of  Southam 
Canyon  in  May  1982  in  order  to  define  the  changes  in  baseline  water  quality 
since  the  last  sample  was  collected  in  September  1979. 
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6.3  PROGRAM  DESCRIPTION 

The  water  resources  program  has  been  designed  to  document   and  assess 
potential    project-related   impacts  on  the  hydrologic  environment.     To  fulfill 
this  objective,  the  1982  program  continued  to  collect  baseline  (pre-construc- 
tion)   data  for  tract  watersheds   and  ground  water  systems  which  potentially 
will   be,  but  have  not  yet  been,   affected  by  project  development   activities. 
Some  construction   activities  were   initiated  during  the  1982  water  year, 
particularly  within  the  Plant  Site  Wash  watershed.     Monitoring  at  station 
locations  that  could  potentially  be  impacted  by  current  construction   activi- 
ties was  designed  to  allow  identification  of  a  project-related  impact  through 
comparison  to  concurrent  data  collected  at  control   stations  and/or  previously 
collected  baseline  data. 

The  water  resources  monitoring  stations  have  been  located  so  as  to 
detect:     (1)  unplanned   point   surface  discharges,   such   as   accidental    spills  or 
leaks  from  retention  dams  or  impoundments;   (2)   non-point  surface  discharges, 
such   as   runoff  from  areas  of  road  construction  and  other  project   activities; 
and   (3)   point   and  non-point  source  discharges   into  local   ground  water  systems. 
The  monitoring  station  locations   are  shown  in  Figure  6.3-1. 

This  report  uses  the  USGS  system  of  nomenclature  for  station  numbers   and 
names,    as  opposed  to  previous  reports  where  dual    nomenclature  systems  were 
used.     In  addition,  only  the  last  four  digits  of  the  USGS  station  numbers   are 
used   in  the  text. 

6.3.1  Surface  Water     The  surface  water  gauging  stations  and  water 
quality  sampling  sites  monitor  the  quantity  and  quality  of  surface  water  on  or 
near  the  tracts.     Stations  adjacent  to,   and  upstream  of  the  project  site  serve 
as  control    stations.     These  sites   are  unaffected  by  WRSOC   activities   and 
monitor  natural   or  non-project  related  hydrologic  fluctuations.     Stations 
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situated  downstream  of  the  tracts  Qre   designated  as  treatment  stations.  These 
sites  presently,  or  will  in  the  future,  monitor  the  potential  effects  of 
project  activities  in  each  drainage  basin  of  concern. 

The  1982  surface  water  monitoring  corresponds  to  that  described  in  the 
EMM,  except  for  the  following  differences: 

0    Opportunistic  monitoring  at  station  6605  in  upper  Southam  Canyon  was 
not  conducted  during  1982,  but  will  recommence  in  1983.  Major 
disturbances  are   not  expected  to  occur  in  Southam  Canyon  until 
several  years  from  now.  Therefore,  the  objective  of  data  collection 
at  this  station  will  be  to  increase  the  baseline  data  base,  until 
processed  shale  disposal  begins  in  this  watershed.  Station  6605  will 
then  become  the  control  station  used  for  comparison  to  station  6610 
at  the  mouth  of  Southam  Canyon. 
0    Water  quality  sampling  at  station  6700  was  conducted  on  a  semi-annual 
basis  during  1982,  rather  than  quarterly  as  described  in  the  EMM. 
Project  activities  during  the  1982  water  year  generally  involved 
earthwork  for  road  and  building  pad  construction.  Since  the  poten- 
tial sources  with  the  highest  priority  ranking  (in  the  EMM)  are 
those  related  to  processing  activities,  as  opposed  to  construction 
activities,  the  water  quality  sampling  scope  and  frequencies  will  be 
increased  to  meet  EMM  objectives  at  the  appropriate  time  prior  to 
initiation  of  associated  project  activities. 
6.3.2  Bedrock  Aquifers  The  bedrock  aquifer  monitoring  wells  are   located 
so  that  they  will  detect  project-related  changes  which  may  occur  in  ground 
water  quality  and  storage.  Wells  located  upgradient  of  project  activities  are 
designated  control  stations,  and  those  located  downgradient  are  designated 
treatment  stations.  The  bedrock  aquifer  wells  are   completed  so  that  they 
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receive  ground  water  from  the  Uinta  and  Green  River  Formations.  All  but  two 
of  the  wells  receive  water  exclusively  from  the  Birds  Nest  Zone  located  in  the 
upper  portion  of  Parachute  Creek  Member  and  above  the  mining  zone.  Well  P-2 
Upper  is  completed  within  a  water  bearing  zone  believed  to  be  of  limited  areal 
extent  and  located  near  the  contact  of  the  lower  Uinta  and  upper  Green  River 
Formations.  This  water  bearing  zone  is  referred  to  as  the  Upper  Aquifer. 
Well  P-4  was  initially  drilled  past  the  Birds  Nest  Zone  for  investigation 
purposes,  and  then  backfilled  with  grout  up  to  the  base  of  the  Birds  Nest 
Zone.  The  grout  seal  for  this  well  is  apparently  imperfect  since  water  level 
and  quality  data  indicate  that  the  well  is  also  receiving  water  from  the 
Douglas  Creek  Aquifer  due  to  upward  leakage.  Well  P-4  has  been  deleted  from 
the  1983  program,  and  replaced  with  well  G-14,  in  order  to  conform  to  the 
program  described  in  the  EMM. 

The  collection  of  baseline  bedrock  aquifer  water  quality  data  was  sus- 
pended after  the  1976  water  year,  because  it  was  felt  that  additional  data 
were  not  required  during  the  lease  suspension  period  due  to  the  slow  movement 
of  ground  water  over  time.  It  is  planned  that  a  final  baseline  water  quality 
sample  will  be  collected  from  each  well  during  the  1983  water  year  prior  to 
penetration  of  the  Birds  Nest  Zone  by  the  production  decline  and  air  ventila- 
tion shaft. 

The  water  levels  of  four  wells  (P-1,  P-2  Upper,  P-2  Lower  and  P-3)  have 
been  monitored  continuously  since  the  beginning  the  baseline  period.  Other 
wells  were  monitored  on  a  monthly  basis  during  the  first  two  baseline  years 
and  then  on  a  semi-annual  basis  during  the  lease  suspension  period.  In  1982, 
the  water  levels  for  certain  of  these  wells  began  to  show  a  decline  compared 
to  earlier  records.  Therefore,  supplemental  data  were  collected  to  better 
define  the  changes  in  water  levels.  The  water  level  monitoring  frequency  for 
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these  wells  was  upgraded  to  a  quarterly  basis  by  the  end  of  the  1982  water 
year,  which  corresponds  to  the  program  described  in  the  EMM. 

6.3.3  Alluvial  Ground  Water  The  alluvial  ground  water  monitoring 
program  performed  during  the  lease  suspension  period  is  much  different  from 
the  program  described  in  the  EMM.  During  the  first  two  years  of  the  baseline 
period,  a  large  number  of  wells  throughout  the  project  area  were  involved  in 
the  data  collection  program.  The  results  provided  the  data  base  for  alluvial 
ground  water  systems  throughout  the  project  area.  The  baseline  program  was 
then  reduced  to  a  few  select  wells.  The  scope  of  monitoring  at  each  well  was 
also  reduced,  with  supplemental  data  collection  efforts  occurring  when  it  was 
indicated  that  water  quality,  in  particular,  had  changed  in  comparison  to  the 
earlier  data.  This  "interim"  program  was  carried  forward  into  the  1982  water 
year.  Thus,  monitoring  of  water  level  and  field  water  quality  parameters  was 
performed  on  a  semi-annual  basis,  with  some  supplemental  data  collection,  as 
necessary,  at  wells  AG-6-1  in  the  Southam  Canyon  alluvium  and  wells  AG-3-1  and 
AG-3-3  in  the  White  River  alluvium  downstream  of  the  tracts. 

At  the  end  of  the  1982  water  year,  modifications  were  made  to  the  program 
so  that  it  would  conform  to  the  program  described  in  the  EMM.  Monitoring  at 
wells  G-2A,  G-4A  and  AG-7  in  Southam  Canyon  was  reinstituted  in  November  1982. 
Wells  AG-3-1  and  AG-3-3  will  not  be  included  in  the  1983  program,  since 
monitoring  will  concentrate  on  the  areas  in  the  immediate  vicinity  of  project 
retention  dams  and  impoundments  following  their  construction.  New  wells 
described  in  the  EMM  will  be  installed  when  construction  of  the  associated 
project  facilities  has  been  completed. 

6.3.4  Preci pi  tat  ion/ Evaporation  The  1982  monitoring  program  for  precip- 
itation and  evaporation  corresponds  with  the  program  described  in  the  EMM. 
The  precipitation  network  includes  10  locations  on  and  near  the  tracts 
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equipped  with  either  continuous  recording  gauges  or  storage  gauges.     The 
evaporation  network  consists  of  two  sunken   pans,   located   in  the  Southam  Canyon 
and  Plant  Site  Wash  drainages.     The  data  collected   at  these  stations   are  used 
in  the  interpretation  of  concurrent  data  for  several    disciplines.     Long-tenm 
site-specific  precipitation  and  evaporation  data  are  also  useful    in  the 
design  of  certain  project  components,   such  as   processed  shale  disposal    and 
revegetation  activities. 

6.3.5     Quality  Assurance/Quality  Control    Program     The  purpose  of  the 
QA/QC  program  for  the  water  resources  monitoring  progrcfn  is  to  ensure  the 
accuracy,   precision,  completeness,   representativeness,   and  comparability  of 
sampling  data.     The  program  design  is  described   in  the  EMM  and   in  a  technical 
memorandum. 

Methods  employed  in  data  collection  throughout  the  project  life  are 
standard  methods   specified  by  the  USGS  and  EPA.     Personnel    involved   in  data 
collection  and  analysis   are  thoroughly  familiar  with  appropriate  methodol- 
ogies.    All    equipment   is  routinely  checked   and  maintained  to  verify  that   it   is 
in  proper  working  condition.     Records  of  calibration   and  standardization  for 
equipment   are  kept   in  each   instrument's  history  file. 

Laboratory  analysis  for  suspended  sediment  sample  concentrations  are 
performed   in  WRSOC's  site  laboratory  trailer.     The  balance  used  for  weighing 
samples   is  checked  on  a  monthly  or  more  frequent  basis  as  part  of  the  QA/QC 
program  for  the  air  resources  monitoring  program.     Laboratory  methods  for 
determination  of  suspended  sediment  concentration  are  standard  methods  used  by 
the  USGS. 

Laboratory  analyses  for  all   other  water  quality  parameters  in  the  water 
resources  program  are  performed  by  the  USGS  Central   Laboratory  in  Denver, 
Colorado.     The  USGS  has  performed  all    such  laboratory  analyses  throughout  the 
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life  of  the  project.  All  water  quality  samples  collected  by  WRSOC  are   prop- 
erly preserved  prior  to  and  during  shipment  to  the  laboratory. 

The  internal  QC  program  of  the  Central  Laboratory  involves  checking:  (1) 
chemical  balance,  (2)  relation  of  residue  on  evaporation  to  calculated  dis- 
solved solids,  (3)  relation  of  specific  conductance  to  residue  on  evaporation, 
and  (4)  relation  of  specific  conductance  to  anions  and  cations.  The  QA  pro- 
gram involves:  (1)  performance  of  time-critical  analyses  within  allowable 
time,  (2)  use  and  documentation  of  standard  laboratory  procedures,  (3)  use  of 
reference  materials  to  monitor  analyses,  and  (4)  analytical  review  procedures 
prior  to  release  of  information.  Additional  details  are  provided  in  TWRI  Book 
5,  Chapter  Al  (Skougstad,  et.  al .  1979). 

Additional  QA  efforts  by  the  Central  Laboratory  involve:  (1)  distribu- 
tion of  reference  samples  to  participating  laboratories  for  determination  of  a 
most  probable  value  for  various  constituents,  and  (2)  submittal  of  the  refer- 
ence samples  to  the  Central  Laboratory  as  blind  samples  received  from  the 
various  USGS  District  offices.  Results  of  the  reference  sample  program  are 
distributed  to  the  participating  laboratories  and  those  USGS  Districts  using 
such  outside  laboratories.  Results  of  the  blind  sample  program  are  distribut- 
ed within  the  USGS  (Janzer  1983). 

VTN  personnel  routinely  perform  informal  technical  reviews  of  data  col- 
lection and  analysis  efforts  to  verify  that  QA/QC  procedures  are   being  follow- 
ed. This  involves  periodic  visits  to  the  project  site  to  inspect  the  actual 
performance  of  the  hydrographer(s)  and  the  condition  of  monitoring  stations 
and  equipment.  All  data  collected  by  WRSOC  and  VTN  personnel  are  reviewed  by 
qualified  VTN  staff  members.  Processing  of  digital  tapes  is  done  by  VTN  staff 
using  the  WRSOC  water  resources  computer  programs,  which  are  comparable  to 
those  used  by  the  USGS  for  data  processing.  All  water  resources  data  are 
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are  stored  within  the  WRSOC  water  resources  data  management  system  (located  at 
VTN's  office  in  Irvine,  California).  This  system  is  compatible  with  the  USGS 
data  management  system,  WATSTORE. 

An  independent  QC  audit  of  WRSOC  water  resources  equipment  was  performed 
in  August  1982  by  WATEC,  Inc.,  a  consulting  firm  located  in  Aurora,  Colorado. 
This  has  been  conducted  once  a  year  for  the  past  several  years.  The  scope  of 
this  audit  involves:  (1)  checking  and  calibration  of  all  water  quality  equip- 
ment used  in  the  water  resources  program,  using  additional  known  references 
provided  by  WATEC,  Inc.  where  possible;  (2)  inspection  of  suspended  sediment 
laboratory  equipment;  (3)  inspection  of  all  hydrologic  equipment  used  for  the 
water  resources  program,  such  as  current  meters  and  stage  recorders;  and  (4) 
submittal  of  a  report  to  WRSOC  and  VTN  describing  the  findings  of  the  audit 
and  corrective  actions  taken.  This  year's  audit  did  not  indicate  any  signifi- 
cant QA/QC  problems  with  WRSOC  equipment,  except  for  the  gradual  deterioration 
of  the  conductivity  and  temperature  probes  and  cables  used  for  continuous 
monitoring.  The  temperature  probes  and  cables  are   being  repaired  and  replaced 
using  spare  equipment.  New  conductivity  probes  and  cables  will  be  installed 
as  soon  as  possible. 
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6.4     PROGRAM  RESULTS  AND  ANALYSIS 

6.4.1  Surface  Water     The  following  discussion  of  program  results   and 
analysis   for  surface  water  data  is  divided   into  three  general    topics:     stream- 
flow,  suspended  sediment  and  water  quality.     Discussions  specific  to  each 
watershed/station   are  presented   as  subheadings  under  each  general   topic. 

Project-related  activities  during  1982  were  restricted  primarily  to  the 
Plant  Site  Wash  drainage  and  unnamed  small   tributaries  to  the  White  River 
located  between  the  Plant  Site  Wash  and  Evacuation  Creek  watersheds.     The 
Southam  Canyon,   Asphalt  Wash   and  Evacuation  Creek  watersheds  were  not  signifi- 
cantly disturbed  in  a  hydrologic  sense  by  project-related  activities  during 
the  year.     Of  the  surface  water  stations  currently  operated,  only  station  6602 
in  the  Plant  Site  Wash   and  station  6700  on  the  White  River  downstream  of  the 
tracts  should  be  considered   as  having  entered  the  construction  phase  monitor- 
ing period.     The  remaining  stations   are  still    in  the  baseline  period  phase, 
with  the  exception  of  stations  6395  and  6625  which   serve   as  control    stations 
that  will   not  be  affected  by  present  or  future  project-related  activities. 

6.4.1.1     Streamflow 

A.  White  River.     The  White  River  drainage  can  be  divided   into  upper  a 
lower  basins,   in  terms   of  sources  of  streamflow.     This  has  been  previously 
described  in  the  Final   Environmental   Baseline  Report   (VTN  1977)   for  this 
project   and   is   also  described  by  the  USGS  in  Lindskov   and  Kimball    (1982). 
This  USGS  open-file  report  divided  the  flow  from  the  two  basins   into  high  flow 
and  baseflow  periods,   primarily  for  interpretative  use  in  the  water  quality 
discussions.     Previous  WRSOC  reports  had  not  differentiated  between  low  flow 
from  the  two  basins;  they  were  grouped  together  and  termed   "baseflow".     The 
differences  can  be  described   in  a  simple  manner  as  follows:     lower  basin  base- 
flow  occurs  during  the  summer  when  evapotranspiration  and   irrigation  usage  are 
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high,  whereas  upper  basin  baseflow  occurs  during  the  winter  when  evapotranspi- 
ration   is   low  and  there  is  no  irrigation  usage.     This  newer  system  of  nomen- 
clature will    be  used  throughout  this  section. 

Hydrographs  depicting  the  1982  flow  regimes   at  stations  6395  and  6700  are 
shown  in  Figure  6.4-1.     Thunderstorm  runoff,   primarily  from  within  the  lower 
basin,   produced  several    short-term  flow  increases  during  October  1981   and   late 
July  through  September  1982.     Snowmelt  runoff  from  the  lower  basin  occurred 
from  mid-February  through  mid-March  1982.     Snowmelt   runoff  from  the  upper 
basin  occurred  from  mid-April   through  late  July  1982.     The  upper  basin  base- 
flow  period  was  from  late  October  1981  through  mid-February  1982.     Lower  basin 
baseflow  occurred  over  relatively  short  periods  of  time  in  between  storm 
runoff   in  October  1981   and   late  July  through  September  1982.     The  division 
between  periods   is  based  on  which  flow  source  is  dominant.     Frequently  there 
is   a  transition  period  where  sources   of  flow  are  fairly  equally  mixed,  making 
the  division  unclear.     This  will    be  discussed  in  further  detail    in  Section 
6.4.1.3. 

Lindskov  and  Kimball    (1982)   provide  a  daily  duration  hydrograph  for 
station  6500  on  the  White  River  based  on  water  years  1924  through  1979.     The 
daily-duration  hydrograph  describes  daily  mean  flows  corresponding  to  particu- 
lar percentages  of  time  that  flow  was  equal   to  or  greater  than  values  shown. 
Comparison  of  the  1982  streamflow  records  for  the  White  River  stations  to  this 
daily-duration  hydrograph  reveals  several   observations.     The  5  and  10  percen- 
tile flow  values  indicate  numerous  short-term  peaks  during  October  and  July 
through  September,   similar  to  events  during  the  1982  water  year.     The  95 
percentile  flow  values  indicate  several   short-term  low  flow  periods  between 
100  and  200  cfs  during  December  and  January.     These   are  due  to  severe  freezing 
conditions   and  loss  of  flow  to  ice  formation.     Similar  conditions  can  be  seen 
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in  the  1982  winter  record.     Using  the  50  percentile  flow  values   as  being 
representative  of  the  typical   condition  that  would  be  expected  for  any  single 
day  during  a  year,   it   is   apparent  that  1982  lower  basin  snowmelt  runoff  began 
approximately  a  month  earlier  than  is  typical    and  its  peak  was  of  greater 
magnitude  than  usual.     Also,  snowmelt  runoff  from  the  upper  basin  began  at  the 
typically  expected  time  of  year  during  1982     but   persisted   approximately  two 
weeks  longer  than  usual.     The  magnitude  of  the  1982  peak  upper  basin  snowmelt 
runoff  was   similar  to  the  peak  for  the  50  percentile  flow  values. 

The  maximum  instantaneous  discharge  during  the  1982  water  year  was  2,720 
cfs  on  May  29,  1982  at   station  6395,    and  2,850  cfs  on  October  5,   1981  at 
station  6700.     These  values  rank  fairly  low  when  compared  to  the  long-term 
record  for  station  6500.     The  minimum  daily  discharge  during  the  year  was  160 
cfs  at  station  6395  and  120  cfs   at  station  6700.     Using  the  annual   low  flow 
frequency  curve  for  station  6500  based  on  water  years  1924  through  1979  as 
presented  in  Lindskov   and  Kimball    (1982),  the  recurrence  intervals  of  these 
annual    one-day  low  flow  values   are  estimated  to  be  3  and  5  years, 
respectively. 

The  1982  annual   runoff  for  station  6395  was  573,200  acre-feet,  with   an 
annual   mean  flow  value  of  792  cfs.     Annual    runoff  for  station  6700  was  538,900 
acre-feet,  with  an  annual  mean  flow  value  of  744  cfs.     These  values  indicate 
that  1982  runoff  was  well    above  the  long-term  average  runoff  for  station  6500, 
which  is  502,300  acre-feet   (695  cfs).     For  example,  the  value  of  792  cfs  for 
station  6395  would  rank   as  the  45th   value  out  of  56  years  (rank=l  is  the 
lowest  value;  rank=56  is  the  highest  value)   of  record  at  station  6500.     This 
is   slightly   above  the  75th   precentile  of  this  record. 

The  streamflow  records  for  stations  6395  and  6700  indicate  that  there  was 
an   apparent  decrease  in  annual    runoff  (34,300  acre-feet)   between  stations 
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during  1982,  despite  the  contributions  of  tributaries.  This  apparent  decrease 
amounts  to  6.0%  of  the  annual  runoff  at  station  6395.  Contributions  of  tribu- 
taries between  the  two  stations  are  minor  compared  to  the  measured  loss  in 
runoff.  The  major  portion  of  this  apparent  loss  occurred  during  December  1981 
and  April  through  August  1982.  Potential  actual  losses  include  evaporation, 
consumptive  use  by  phreatophytes  (primarily  during  the  freeze-free  period)  and 
water  supply  diversion  by  American  Gilsonite  Company  and  contractors  employed 
by  WRSOC  and  others.  It  is  believed  that  the  measured  decreases  in  monthly 
streamflow  between  stations  are  greater  than  can  be  accounted  for  by  the  above 
actual  losses  for  certain  periods  of  time.  Therefore,  the  inconsistency  may 
be  due  to  differences  in  assumptions  for  record  computations  and/or  measure- 
ment errors.  These  will  be  investigated  in  further  detail  during  1983. 

B.  Evacuation  Creek  Mean  daily  discharge  values  for  station  6430  during 
the  1982  water  year  are   listed  in  Table  6.4-1.  The  data  indicate  that  the 
streamflow  of  Evacuation  Creek  was  sustained  by  baseflow  through  most  of  the 
year.  Snowmelt  runoff  occurred  in  February,  which  was  earlier  in  the  year  and 
quite  brief  compared  to  previous  years.  The  flow  during  snowmelt  runoff 
fluctuated  widely  during  each  day,  peaking  near  midnight  on  each  day.  Runoff 
from  thunderstorms  produced  numerous  short  duration  rises  in  streamflow  during 
October  1981  and  July  through  September  1982.  Thunderstorm  runoff  accounted 
for  the  majority  of  the  1982  annual  runoff  from  Evacuation  Creek.  There  were 
18  daily  peak  flows  over  100  cfs  at  this  station  during  the  1982  water  year. 
All  but  three  of  these  peaks  passed  the  station  during  the  evening  hours. 
This  was  primarily  due  to  the  lag  time  from  the  upper  portions  of  the  Evacua- 
tion Creek  drainage  where  the  intense  thunderstorms  were  occurring. 

The  maximum  instantaneous  discharge  during  the  year  was  2,920  cfs  on 
September  5,  1982.  The  minimum  daily  discharge  was  0.03  cfs  for  several  days 
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TABLE    6.4-1 
EVACUATION  CREEK  MEM)  NDiTH.  tEM  UATSCN.  UTAH  (STA.  NO.  0930MX) 


CAN  DAILY  DISCHARGE  (CF5) 

OLIUttN  1981  TD  SEFTEICEK  1982 

1 

OAV 

XT 

NOV 

DEC 

JAN 

FEB 

m 

APR 

MY 

M 

JUL 

AUG 

8B> 

1 

0.20 

0.68 

0.49 

0.39 

0.39 

0.39 

0.45 

0.33 

0.25 

0.09 

1.0 

0.48 

2 

0.20 

0.44 

0.49 

0.39 

0.39 

0.39 

0.45 

0.33 

0.25 

0.09 

2.0 

0.26 

3 

0.20 

0.47 

0.49 

0.39 

0.27 

O.SB 

0.40 

0.48 

0.25 

0.09 

41 

0.25 

4 

9.0 

0.51 

0.49 

0.39 

0.25 

0.49 

0.40 

0.39 

0.25 

0.07 

13 

0.25 

5 

116 

0.56 

0.49 

0.39 

0.22 

0.49 

0.40 

O.X 

0.25 

0.07 

0.78 

147 

b 

2.5 

0.60 

0.49 

0.39 

0.20 

0.49 

0.40 

0.77 

0.25 

0.07 

0.55 

7.4 

7 

0.S0 

0.60 

0.39 

0.39 

0.20 

0.49 

0.40 

0.27 

0.25 

0.07 

0.41 

0.41 

B 

29 

0.60 

0.39 

0.39 

0.14 

0.49 

0.40 

0.27 

0.2 

0.07 

0.41 

0.33 

9 

2.5 

0.60 

0.39 

0.39 

0.07 

0.49 

0.40 

0.27 

0.25 

0.04 

0.70 

0.33 

10 

1.0 

0.60 

0.39 

0.30 

0.12 

0.49 

0.40 

0.27 

0.25 

0.04 

2.2 

0.26 

11 

60 

0.60 

0.39 

0.30 

0.20 

0.58 

0.40 

0.27 

0.25 

0.04 

0.66 

40 

12 

55 

0.60 

0.39 

O.X 

0.20 

O.SB 

0.40 

0.77 

0.25 

0.04 

0.58 

9.5 

13 

7.0 

0.60 

0.39 

0.30 

0.20 

0.58 

0.40 

0.77 

0.25 

0.04 

9.6 

59 

14 

2.0 

0.60 

0.39 

0.30 

0.20 

O.SB 

0.40 

0.27 

0.25 

0.03 

13 

23 

IS 

36 

0.60 

0.39 

O.X 

0.26 

O.SB 

0.37 

0.77 

0.25 

0.03 

0.15 

2.0 
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in  July.     Total    annual   runoff  for  the  1982  water  year  was  3,003  acre-feet. 
Both  the  maximum   instantaneous  discharge   and  the  annual    runoff   are  the  highest 
values  for  the  8-year  record  at  station  6430. 

C.     Dry  Washes.     Station  6610  at  the  mouth  of  Southam  Canyon  recorded  an 
annual    runoff  of  92  acre-feet  during  the  year.     This  was  the  second  highest 
amount  during  the  eight  years  of  record,    and  considerably   above  the   average 
for  the  period  (32  acre-feet).     All   dry  washes  in  the  southeastern  Uinta  Basin 
have  shown  great   variability  in   annual    flows.     The  average  annual    unit   runoff 
for  the  period  of  record  at  this  station,  0.0055  cfs/mi2,  corresponds  close- 
ly with  the  USGS  estimate  of  less  than  0.005  cfs/mi2  for  this   area  (Lindskov 
and  Kimball    1982).     The  maximum  instantaneous  discharge  during  the  year,  107 
cfs  on  August  2,  1982,   is  the  third  highest  value  in  the  8-year  period  of 
record. 

Station  6602  near  the  mouth  of  Plant  Site  Wash  recorded  7.9  acre-feet  of 
runoff  during  the  1982  water  year.     This   amounts   to  an   annual    unit   runoff  of 
0.0082  cfs/mi2.     The  maximum  instantaneous  discharge  during  the  year  was  43 
cfs   on  August  2,  1982. 

The  1982  discharge  record  for  station  6625  near  the  mouth  of  Asphalt  Wash 
is  not   available  at  the  present  time.     However,   it   is  known  that  a  major  flash 
flood  did  occur  in  early  September  1982.     Evidence  from  a  site  visit  after  the 
flood   suggested  that   it  was   probably  similar  in  magnitude  to  the  flash  flood 
on  August  25,  1980  at  this  station.     This  previous  event  had  a  peak  discharge 
of  3,200  cfs. 

Lindskov  and  Kimball    (1982)   presented  a  method  to  estimate  peak  flows  that 
are  exceeded  less  frequently  than  the  mean  annual    peak  flow.     The  relationship 
used  in  this  method  was  based  on  long-term  records  for  two  Willow  Creek  gaug- 
ing stations   (09307500  and  09308000).     It  was  determined  that  the  peak 
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discharge  of  the  100-year  flood  would  be  15  times  greater  than  the  mean  annual 
peak   discharge  for  intra-area  streams   in  the  southeastern  Uinta  basin.     The 
mean  annual    peak  discharge  for  station  6610  over  8  years  of  record  is  108  cfs. 
Using  this  value,  the  peak  discharge  of  the  100-year  flood  at  the  mouth  of 
Southam  Canyon  would  be  1,620  cfs.     This  can  be  compared  to  an  estimated  value 
of  850  cfs,   previously  presented  in  the  First  Year  Environmental  Baseline 
Report   (VTN  1976),  which  used   a  different  method  that  did  not   involve  the 
application  of  site-specific  flow  records.     Both  estimates   involve  consider- 
able errors   inherent  to  each  specific  method;  therefore,  caution  is   advised 
for  use  of  these  values.     The  best  estimate  for  the  100-year  flood   at   a 
particular  location  would  be  determined  from  analysis  of  flow  records  over  a 
sufficient  time  period   (e.g.,  more  than  20  years)   at  that  location,   and  would 
be  based  on  a  uniformly  accepted  method  (e.g.,  one  recommended  by  the  U.S. 
Water  Resources  Council). 

6.4.1.2     Suspended  Sediment 

A.     White  River.     Suspended  sediment   (SS)   data  collected  at  station  6700 
during  the  1982  water  year  are  shown   in  Table  6.4-2.     The  1982  data  were 
analyzed  by  plotting  the  instantaneous  SS  discharge  rate  versus  the  instanta- 
neous flow  rate  on  logarithmic  paper.     The  plotted  points  define  a  rating 
curve  similar  to  the  curve  for  previous  years  of  record   (Figure  6.4-2).     How- 
ever, one  data  point  (September  20,  1982)  plotted  significantly  apart  from  the 
other  points  for  1982.     Previous  years  of  record  for  this  station  were  review- 
ed to  determine  if  a  similar  situation  had  occurred   in  the  past.     Three  data 
points  were  found  to  plot  in  a  similar  manner.     These  were  for  August  2  and  3, 
1976  and  August  29,  1977.     All    four  points   (one  during  1982  and  three  during 
the  baseline  period)  were  determined  to  have  occurred  during  or  immediately 
following  rapid  rises   in  streamflow  due  to  thunderstom  runoff.     The  rapid 
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TABLE  6.4-2 

WHITE  RIVER  BaOW  ASPHALT  UASH,  NEAR  WATSON,  UTAH  (STA.  NO.  09306700) 
FIELD  HATER  QUALITY  AND  SUSPENDED  SEDIMENT  DATA 
XTOBER  1981  -  SEPTEMBER  1982 


SPECI- 

SUSP 

STREAM 

FIC 

SEDI- 

SEDI- 

FLOW, 

HATER 

CONDUC- 

DIS- 

MENT, 

MENT 

INSTW<- 

ItMPER- 

TANCE 

PH 

SOLVED 

SUS- 

DIS- 

TtfCOUS 

ATURE 

FIELD 

FIELD 

OXYGEN 

PENDED 

CJmit 

(CFS) 

(DEC  C) 

(UrtCS) 

(UNITS) 

(MG/L) 

(MG/L) 

(T/DAY) 

DATE 

TIME 

10/01/81 

1030 

267 

12.0 

760 

7.4 

8.B 

284 

205 

10/21/81 

1130 

430 

8.0 

830 

8.2 

9.2 

806 

936 

11/09/81 

1130 

426 

5.0 

880 

8.6 

10.2 

341 

392 

12/01/81 

1050 

307 

0.0 

950 

— 

10.8 

248 

206 

12/16/81 

1020 

E270 

0.0 

BOO 

8.6 

11.2 

340 

248 

01/04/82 

1045 

200 

0.0 

850 

8.2 

9.8 

50 

27 

01/21/82 

1245 

407 

— 

— 

— 

— 

282 

310 

01/28/82 

0930 

408 

0.0 

850 

— 

~ 

— 

— 

02/08/82 

1000 

176 

0.0 

1200 

8.2 

11.4 

167 

79 

03/05/82 

1030 

717 

0.5 

900 

8.4 

— 

4640 

8980 

03/16/82 

1000 

440 

6.5 

1000 

8.6 

10.0 

732 

870 

04/02/82 

1200 

352 

8.0 

950 

8.6 

10.0 

290 

276 

04/13/82 

0915 

390 

15.5 

950 

8.4 

8.9 

473 

498 

04/20/82 

1200 

584 

6.5 

— 

8.0 

10.2 

1390 

2190 

04/27/82 

1220 

714 

13.5 

670 

8.4 

8.4 

2250 

4340 

05/04/82 

1145 

1370 

14.5 

560 

7.8 

8.0 

7020 

26000 

05/13/82 

1115 

1360 

10.0 

440 

— 

8.8 

2570 

9440 

05/26/82 

1130 

2050 

15.0 

350 

8.2 

8.2 

3350 

18500 

06/04/82 

1145 

1910 

15.0 

340 

8.3 

8.0 

2110 

10900 

06/15/82 

1100 

2050 

14.5 

338 

7.8 

7.8 

1710 

9470 

06/22/82 

1130 

2020 

15.5 

310 

8.2 

7.6 

1320 

7200 

07/01/82 

1225 

1990 

17.5 

310 

7.0 

7.8 

1360 

7310 

07/08/82 

1215 

1310 

19.0 

380 

8.2 

7.5 

1200 

4240 

07/17/82 

0810 

825 

19.5 

465 

7.4 

— 

605 

1350 

07/27/82 

1100 

622 

23.0 

470 

7.8 

6.8 

750 

1260 

08/05/82 

1145 

605 

21.0 

600 

7.8 

7.0 

2390 

3900 

08/12/82 

1015 

530 

21.0 

650 

7.7 

6.6 

4320 

6180 

08/19/82 

0945 

E560 

21.0 

690 

— 

— 

2160 

3270 

09/01/82 

1000 

454 

19.0 

700 

8.2 

7.6 

1930 

2370 

09/20/82 

1100 

562 

16.0 

820 

8.0 

7.6 

14600 

22200 
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rises  in  streamflow  were  caused  by  flash  floods  from  drainages  in  the  lower 
basin.  As  shown  in  Figure  6.4-2,  the  SS  transport  rate  during  such  periods  is 
much  greater  than  is  typical  for  a  comparable  streamflow  rate.  Such  modifica- 
tions to  the  typical  SS  transport  characteristics  of  the  White  River  are 
short-term,  and  are  the  result  of  the  variations  in  sediment  yield  between  the 
upper  and  lower  basins.  Seiler  and  Tooley  (1982)  have  pointed  out  that 
runoff  contributions  from  lower  basin  tributaries  have  been  observed  to  cause 
sharp  increases  in  SS  discharge  without  much  effect  on  the  streamflow  of  the 
White  River,  thereby  producing  a  large  scatter  of  points  (on  the  graphical 
plot)  for  streamflow  values  between  300  and  800  cfs.  Their  observations  are 
based  on  an  analysis  of  data  collected  by  the  USGS  at  station  6900  (at  the 
mouth  of  the  White  River)  during  the  1975  through  1979  water  years. 

The  SS  data  collected  at  station  6395  by  the  USGS  during  the  1982  water 
year  are  not  available  at  the  present  time.  Therefore,  comparisons  between 
1982  data  for  station  6395  and  6700  are   not  included  in  this  report. 

In  summary,  the  analysis  of  1982  SS  data  for  station  6700  leads  to  several 
observations.  First,  the  typical  SS  transport  characteristics  of  the  White 
River  at  this  station  during  1982  were  similar  to  those  for  previous  years. 
The  magnitudes  of  SS  discharge  vary  with  flow  conditions;  however,  the  rela- 
tionship of  SS  discharge  to  streamflow  has  remained  relatively  constant. 
Second,  exceptions  to  this  typical  relationship  occur  during  and  immediately 
following  certain  thunderstorm  runoff  periods.  During  such  periods,  the  SS 
transport  rate  is  higher  than  usual  for  the  flow  rate  involved.  These  occur- 
rences are  due  to  variations  of  natural  erosion  characteristics  within  the 
White  River  drainage.  In  conclusion,  the  available  data  indicate  that  project 
activities  during  the  1982  water  year  did  not  have  a  significant  impact  on  the 
SS  transport  characteristics  of  the  White  River  downstream  of  the  tracts. 
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B,     Evacuation  Creek     SS  data  for  station  6430  during  the  1982  water  year 
are  shown   in  Table  6.4-3.     The  values  shown  for  October  4,   1981  and  August  3, 
1982  are  for  samples  collected  by  a  single-stage  sampler,   and  are  indicated  by 
the   "E"   preceding  the  SS  concentration  value. 

As  in  previous  years,  the  data  illustrate  that  SS  transport  characteris- 
tics  of  Evacuation  Creek  fluctuate  widely  due  to  variations   in  streamflow. 
During  stable  low  flow  periods,  SS  concentrations  were  generally  less  than  300 
mg/1,    and  SS  discharge  was   less  than  1  ton/day.     The  SS  concentration   and 
discharge  rate  were  much  greater  during  high  flow  periods,   as  compared  to 
stable  baseflow  periods.     SS  concentration   and  discharge  values  during   snow- 
melt  runoff  were  generally  less  than  values  during  thunderstorm  runoff  for 
similar  streamflow  rates.     This  is   a  typical    situation,   and  is  due  primarily 
to  the  fact  that  snowmelt  runoff  generally  involves  more  gradual   rises  in 
stage  than  thunderstorm  runoff   and   produces   less  erosion.     SS  transport  was 
greatest  during  the  thunderstorm  runoff  periods,  which  usually  account  for 
most  of  the   annual   SS  discharge.     The  values  for  September  27  are  not   as  high 
as  values  previously  collected  on  July  5,   1977  during  thunderstorm  runoff.     On 
that  date,  the  USGS  collected  a  sample  at  456  cfs  which  had  a  SS  concentration 
of  178,000  mg/1    and   an  instantaneous  SS  discharge  rate  of  219,000  tons/day.     A 
second  sample  on  that  date  at  247  cfs  had  values  of  164,000  mg/1    and  109,000 
tons/day.     The  SS  concentration  values  for  October  4,   1981   and  August  3,   1982 
are  also  less  than  other  single-stage  sampler  values  collected  during  previous 
years.     Additional    analyses  of  the  natural   erosion  and  sediment  characteris- 
tics of  Evacuation  Creek  were  presented   in  Seiler  and  Tooley  (1982).     These 
studies  were  based  on  data  collected  by  the  USGS  during  the  1975  through  1979 
water  years.     The  reader  is  referred  to  this  report  for   additional    information 
on  this  drainage. 
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In  summary,  the  SS  transport  characteristics  of  Evacuation  Creek   at 
station  6430  during  the  1982  water  year  were  within  ranges  described  by  previ- 
ously collected  data.     Although  daily,  monthly  and   annual   SS  discharge  values 
were  not  calculated,  the  1982  annual   SS  discharge  would  most   likely  be  greater 
than  in  the  1975  through  1981  water  years,  because  there  were  more  large 
thunderstorm  runoff  events  during  1982  than   in  these  previous  years.     There 
were  no  significant  project-related  disturbances  within  this  drainage;  there- 
fore,  it   is   likely  that  observed  SS  transport  characteristics  were  caused  by 
the  hydrologic  system's  response  to  natural   variations  in  climatic 
conditions. 

C.     Dry  Washes.     The  SS  data  collected  at  stations  6602  and  6610  during 
the  1982  water  year   are  shown   in  Table  6.4-4.     As   in  the  previous   instances, 
the  SS  data  values  for  bottles  collected  by  the  single-stage  samplers  are 
indicated  by   an   "E"   preceding  the  value  of  SS  concentration.     The  USGS  was  not 
able  to  collect   any  SS  samples   at  station  6625  during  the  year. 

Data  for  station  6610  were   analyzed  by  plotting   instantaneous  SS  dis- 
charge versus  the  instantaneous  flow  rate  on  logarithmic  paper  (Figure  6.4-3). 
Due  to  the  limited  amount  of  available  data,   the  values  for  samples  collected 
by  the  single-stage  sampler  were  included  on  the  plot,  using  a  separate  symbol 
to  differentiate  them  from  the  manually  collected  sample  values.     The  plotted 
points  for  station  6610  describe  a  relatively  good  relationship  of  SS  dis- 
charge to  flow  (correlation  coefficient  =  0.98,   p<0.01,   n=8).     Data  for 
samples  collected  at  less  than  1  cfs  were  deleted  from  the  statistical 
analysis.     Values  for  the  1982  water  year  followed     the  relationship  for  the 
previously  collected  data,   indicating  that  SS  transport  characteristics  for 
this  station  have  remained  constant. 
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WATER  YEARS  1975  -  1982 

FIGURE  6.4-3 
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In  order  to  determine  whether  similarities  exist  between  drainages,  the 
1982  values   for  station  6602  were  plotted   against    all    data  for  station  6610 
(also  shown  in  Figure  6.4-3).     Two  of  the  plotted  points  for  station  6602 
(May  3,  1982  and  August  2,  1982)  were  close  to  the  regression   line  for  station 
6610,  by  inspection.     The  remaining  two  plotted  points   (July  26,   1982  and 
September  29,  1982)  were  considerably  above  the  regression  line.     These  two 
points  correspond  to  samples  collected  at  lower  flow  rates  than  the  May  3  and 
August  2  samples.     Regional   SS  particle  size  data  indicate  that  the  finer 
fractions,  silt   and  clay,  make  up  a  greater  percentage  of  the  mass  of  a  SS 
sample  during  low  flow  conditions  than  during  high  flow  conditions   (Seiler  and 
Tooley  1982).     Therefore,   if  SS  transport  at  similar  flow  rates  was  notably 
greater  for  station  6602  than  for  station  6610  during  low  flow  conditions, 
then  this  could  be  caused  by  increased  transport  of  the  finer-grained 
particles  within  the  Plant  Site  Wash  drainage.     Construction   activities  during 
1982  would  undoubtedly  have  increased  the  availability  of  fine-grained 
particles  within  this  drainage.     It   is   probable  that   increased  transport  of 
fine-grained  material   would  be  masked  out  during  higher  flows,  because  the 
percentage  of  fines  would  be  much   less  than  for  lower  flow  rates. 

Based  on  these  observations,   it  is  concluded  that  project-related  activi- 
ties  affected  SS  transport  characteristics  of  Plant  Site  Wash  by  increasing 
the  quantity  of  fine-grained  sediment  within  runoff.     Also,  this  effect  was 
noticeable  only  during  smaller  runoff  events.     Due  to  the  relative  quantities 
involved,  the  modification  of  SS  transport  characteristics  for  the  Plant  Site 
Wash  drainage  probably  did  not  significantly   affect  the  White  River  downstream 
of  the  confluence. 

6.4.1.3     Water  Quality 

A.     White  River.     The  1982  mean  daily  values  of  temperature  and  specific 
conductance  at   station  6700  are  shown  in  Figure  6.4-4.     Supplemental    field 
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measurements  of  water  temperature,  specific  conductance,   pH,   and  dissolved 
oxygen   at   station  6700  are  listed   in  Table  6.4-2,    previously  presented   in 
Section  6.4.1.2. 

Recorded  water  temperatures   at  station  6700  ranged  from  0.0°C  to  26.0°C, 
and   averaged  8.5°C  during  the  year,   with  87%  data  recovery  (for  valid  mean 
daily  values).     The  general   pattern  of  water  temperature  was  similar  to  all 
previous  years  of  record.     Historic  records   at  station  6500  have  ranged  from 
0°C  to  33°,  with  an  average  of  10.4°C.     Changes  in  water  temperature  of  the 
White  River  have  been  shown  to  closely  follow  changes   in   air  temperature,  with 
a  1 ag  of  1  or  2  days.     Year-to-year  variations  in  water  temperature  are  due  to 
variations   in   annual    air  temperature   (Lindskov   and  Kimball    1982). 

Recorded  specific  conductance  values   at  station  6700  ranged  from  174 
micromhos/cm  to  1480  micromhos/cm  during  the  year,  with  79%  data  recovery  (for 
valid  mean  daily  values).     The  minimum  value  occurred  during  peak  upper  basin 
snowmelt   runoff  on  May  28,   1982,  while  the  maximum  value  occurred  during  lower 
basin  thunderstorm  runoff  on  July  30,   1982.     These  1982  extreme  values   are 
within   previously  observed  ranges  for  the  White  River  stations.     General 
patterns  of  specific  conductance  were  similar  to     those  from  previous  years. 
Conductivity  data  collected  in  1982  illustrate  an   additional    pattern  which  has 
not  been  emphasized  in  previous  reports.     That  is,  severe  winter  freezing 
conditions  tend  to  reduce  flow  rates  because  of  ice  formation,   and  to  elevate 
specific  conductance  at  the  same  time.     Examples  of  this  situation  can  be 
clearly  seen  in  late  December  1981  and  early  February  1982  (see  Figures  6.4-1 
and  6.4-4) . 

Mean  daily  values  of  water  temperature  and  specific  conductance  at 
station  6395  during  the  1982  water  year   are  not   available  at  the  present  time. 
Several    instantaneous  field  readings  of  specific  conductance  at  station  6395 
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were  made  in  1982  when  laboratory  water  quality  samples  were  collected.  These 
values  are  listed  in  Table  6.4-5,  with  the  laboratory  water  quality  data. 
Differences  between  the  instantaneous  field  values  at  station  6395  and  the 
corresponding  mean  daily  values  at  station  6700  ranged  from  -6%  to  +15%.  The 
USGS  defines  a  good  quality  daily  values  record  as  one  in  which  95%  of  the 
daily  values  are  accurate  within  +10%.  Thus,  the  differences  in  specific 
conductance  between  stations  on  these  few  days  are  considered  to  be  relatively 
minor  when  measurement  accuracies  are  taken  into  account.  This  is  not  neces- 
sarily the  case  throughout  the  year,  since  thunderstorm  runoff  from  tribu- 
taries between  the  stations  has  been  shown  to  have  significant  short-term 
effects  on  White  River  water  quality.  Further  inter-station  comparisons  for 
1982  cannot  be  made  until  the  daily  values  record  of  specific  conductance  for 
station  6395  is  available. 

Values  of  pH  ranged  from  7.5  to  8.1  at  station  6395,  and  from  7.0  to  8.6 
at  station  6700.  The  larger  variation  at  station  6700  is  probably  due  to  the 
fact  that  many  more  readings  were  taken  during  the  year.  All  values  are 
within  previously  observed  ranges.  The  pH  of  the  White  River  has  not  shown  a 
significant  correlation  with  flow  or  to  the  concentration  of  any  of  the  major 
constituents.  There  is  some  direct  correlation  to  the  concentration  of 
dissolved  solids.  This  is  discussed  in  detail  by  Lindskov  and  Kimball 
(1982). 

Dissolved  oxygen  concentrations  ranged  from  7.0  mg/1  to  12.0  mg/1  at 
station  6395,  and  from  6.6  mg/1  to  11.4  mg/1  at  station  6700.  Seasonal 
fluctuations  were  similar  to  those  in  previous  years.  Concentrations  are 
generally  near  saturation  through  most  of  the  year. 

Up  to  this  point,  the  discussion  of  White  River  water  quality  has  been 
involved  with  those  parameters  that  are  monitored  continuously  (by  probes  and 
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digital   recorders)   or  by  relatively  frequent  field  measurements.     Many  addi- 
tional   parameters  were  monitored  on   a  less   frequent   basis  by  the  periodic 
collection  and  laboratory  analyses  of  water  samples.     Values  for  these  para- 
meters  (Table  6.4-5)   during  1982  were  similar  to   previously  collected   data, 
which  were  described  in  detail    in  WRSOC  baseline  reports   and   annual    progress 
reports  covering  water  years  1975  through  1981.     The  general    characterization 
of  these  1982  data  will   not  be  repeated  in  this  report,   since  it  would  not 
differ   appreciably  from  discussions   presented   in  the   above  mentioned  reports. 
However,  there  are  certain  relationships  between  stations   and  among  certain 
constituents  that   are  of  importance  to  this  report,    and   are  discussed  in  the 
following  text. 

Data  collected  at  various  White  River  stations  in  Utah  have  indicated 
that  there   is   a  well-defined  relationship  between  the  total    dissolved   solids 
(TDS)   concentration  as  a  calculated  sum  of  constituents   and  specific  conduct- 
ance  (EC).     The  data  for   all    of  these  stations  during  the  1975  through  1979 
water  years  define  the  regression  equation: 

TDS   in  mg/1    =   (0.544) (EC   in  micromhos/cm) 1-025 
This   regression  had  a  correlation  coefficient   of  0.977   (Lindskov  and  Kimball 
1982).     In  general,  the  TDS  concentration  has  been  about  65%  of  the  measured 
specific  conductance.     The  ratios   of  TDS  versus  specific  conductance  for 
samples  collected  in  1982  varied  from  56%  to  71%,   and   averaged  64%.     This 
relationship  of  TDS  concentration   versus  specific  conductance,    along  with  the 
continuous  specific  conductance  records,  can  be  used  to  estimate  the  salinity 
conditions  for  the  White  River. 

Typical   distributions  of  major  ions  for  the  four  classifications  of  flow 
sources   (described   in  Section  6.4.1.1)   have   also  been  determined   from  data  for 
the  White  River  stations  during  the  1975  through  1979  water  years   (Lindskov 
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and  Kimball  1982).  A  comparison  of  these  typical  distributions  and  the 
distributions  for  1982  samples  at  station  6395  are   shown  in  Figure  6.4-5.  The 
similarities  for  upper  basin  baseflow  and  upper  basin  high  flow  classifica- 
tions can  easily  be  seen.  The  remaining  three  samples  are   not  very  similar  to 
any  of  the  four  typical  Stiff  diagrams,  because  they  were  collected  during 
transition  periods  when  sources  of  flow  were  mixed.  The  October  7,  1981 
sample  was  collected  following  regional  thunderstorm  runoff  on  October  5  and 
6.  It  represents  the  mixture  of  lower  basin  baseflow  with  upper  and  lower 
basin  high  flow.  The  March  25,  1982  sample  was  collected  during  the  recession 
of  lower  basin  snowmelt  runoff,  so  it  represents  a  mixture  of  lower  basin  high 
flow  and  upper  basin  baseflow.  The  August  26,  1982  sample  was  collected 
during  what  typically  would  be  the  lower  basin  baseflow  period.  However,  the 
heavy  regional  precipitation  in  August  and  September  probably  decreased  the 
magnitude  of  irrigation  diversions  from  the  White  River  upstream  of  station 
6395.  Under  such  conditions,  the  proportion  of  irrigation  return  water  to 
baseflow  would  also  be  reduced,  thereby  diminishing  the  influence  of  irriga- 
tion on  White  River  water  quality.  The  effect  of  this  situation  is  reflected 
by  the  fact  that  the  Stiff  diagram  for  this  sample  is  more  similar  to  upper 
basin  baseflow  than  lower  basin  baseflow. 

Comparisons  of  water  quality  between  stations  6395  and  6700  can  be  made 
for  the  January  and  June  1982  samples.  The  January  data  are   very  similar 
except  for  the  values  of  specific  conductance.  Concentrations  of  TDS  did  not 
reflect  corresponding  differences.  Comparison  of  the  January  data  suggests 
that  water  quality  was  similar  between  stations  during  stable  upper  basin 
(winter)  baseflow  periods  of  the  1982  water  year.  The  situation  during 
unstable  upper  basin  baseflow  periods,  such  as  severe  freezing  periods,  cannot 
be  assessed  with  the  presently  available  1982  data. 
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The  June  15,  1982  sample  data,  collected  during  stable  upper  basin  high 
flow  (snowmelt  runoff),  identified  certain  differences  between  stations. 
Several  constituents  showed  marked  increases  at  the  downstream  station.  These 
were:  turbidity,  suspended  solids,  chemical  oxygen  demand  (COD)  and  dissolved 
organic  carbon  (DOC).  These  increases  are  all  attributed  to  the  natural 
process  of  bank  erosion  that  is  very  active  during  high  flow  periods.  Concen- 
trations of  iron,  phenols  and  zinc  showed  slight  increases  in  the  downstream 
direction.  These  are   not  believed  to  be  particularly  significant  because  of 
the  low  concentrations  involved.  Previous  data  for  these  three  constituents 
had  not  shown  any  consistent  trend  between  stations  during  upper  basin  high 
flow.  Values  for  selected  nutrients  indicated  that  the  loading  of  total 
ammonia  and  organic  nitrogen  did  not  change  in  the  downstream  direction, 
however  organic  nitrogen  in  the  suspended  phase  was  converted  to  its  dissolved 
phase. 

In  summary,  the  available  White  River  water  quality  data  indicate  that 
conditions  during  the  1982  water  year  were  not  significantly  different  from 
conditions  during  previous  years  of  record,  except  that  the  above  normal 
regional  precipitation  during  August  and  September  diminished  the  effects  of 
upstream  irrigation  typically  seen  during  late  summer  baseflow.  Although 
water  quality  samples  were  not  collected  during  lower  basin  thunderstorm 
runoff,  it  is  likely  that  general  water  quality  conditions  were  similar  to 
those  seen  previously,  since  the  available  continuous  specific  conductance 
data  were  within  previous  extremes.  Comparisons  between  stations  indicated 
that  there  were  some  water  quality  differences  during  1982  upper  basin  high 
flow,  but  that  they  were  probably  due  to  the  natural  process  of  bank  erosion. 
Comparisons  between  stations  for  the  remaining  flow  regimes  are  limited 
primarily  because  the  1982  continuous  specific  conductance  record  at  station 
6395  is  not  yet  available. 
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B.     Evacuation  Creek.     The  1982  mean  daily  values  of  water  temperature 
and   specific  conductance   at  station  6430  are  shown   in  Figure  6.4-6.     Supple- 
mental  field  measurements  of  water  temperature,   specific  conductance,   pH  and 
dissolved  oxygen   at  this  station   are   listed   in  Table  6.4-3. 

Recorded  water  temperatures  ranged  from  0.0°C  to  34.5°C  and  averaged 
11.0°C.   with  85%  data  recovery  (for  valid  mean  daily  values).     Maximum  diurnal 
variation  during  the  year  was  21.5°C  on  July  12  and  19.     These  values,   as  well 
as  the  1982  seasonal    variations,    are  similar  to  previous  years   of  record.     The 
previously  recorded  maximum  water  temperature  was  34.0°C.     The  diurnal    varia- 
tions of  water  temperature  for  Evacuation  Creek  closely  follow  air  temperature 
variations  through  most  of  the  year.     Ground  water  discharges  to  the  streambed 
immediately  upstream  of  the  station   provide  a  slight  warming   influence  during 
winter  periods.     Also,   snowmelt  runoff  usually  decreases  water  temperatures  to 
near  0°C  for  short   periods   of  time. 

Recorded  specific  conductance  ranged  from  520  to  10,000  micromhos/cm 
during  the  year,   with  70%  data  recovery  (for  valid  mean  daily  values).     The 
previously  recorded  maximum  value  of  specific  conductance  was  9,900 
micromhos/cm.     The  missing  record   in  1982  and  previous  years  was   generally 
during  and  following  high  flow  periods,   and  was  caused  by  silt  deposition  on 
the  probe.     Thus,   the  daily  values  records   are  primarily  composed   of  values 
for  stable  low  flow  periods.     Annual   minimum  values  have  consistently  occurred 
during  high  flow  periods,    and   are  due  to  dilution  of  baseflow.     Annual   maximum 
values  have  also  consistently  occurred  during  high  flow  periods,  but   are  due 
to  the  initial    dissolution   and  flushing  of  evaporite  salts  that    accumulate  in 
the  channel    streambeds   and  soil    and  rock  surfaces.     Rapidly  changing  stream- 
flow  conditions  cause  wide  daily  variations  of  specific  conductance. 
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An  example  of  the  relationship  of  streamflow  and  specific  conductance 
during  1982  snowmelt  runoff  is  shown  in  Figure  6.4-7.  During  each  day  there 
was  a  short-term  increase  in  specific  conductance  coinciding  with  the  initial 
rapid  rise  in  streamflow.  As  flow  continued  to  remain  high,  the  specific 
conductance  decreased  to  daily  minimum  levels.  During  the  flow  recession, 
specific  conductance  slowly  increased. 

Another  example  of  this  relationship  for  a  small  runoff  event  caused  by 
rainfall  on  May  3,  1982  is  shown  in  Figure  6.4-8.  There  was  a  large  increase 
in  specific  conductance  during  the  initial  rise  in  streamflow.  As  the  flow 
increased  further,  the  specific  conductance  decreased  to  its  daily  minimum. 
When  streamflow  decreased,  the  specific  conductance  slowly  increased,  but  did 
not  return  to  baseflow  levels  (4,000  to  5,000  micromhos/cm)  until  May  5. 

Several  values  of  pH  during  1982  were  below  the  minimum  value  during  the 
previous  period  of  record  (7.0  units).  These  occurred  mostly  during  low  flow 
from  May  through  July;  however,  the  lowest  value  (6.0  units)  occurred  on  July 
28  during  the  recession  of  a  flash  flood. 

Dissolved  oxygen  concentrations  were  variable  as  in  previous  years,  and 
ranged  from  5.8  mg/1  to  11.2  mg/1 .  Concentrations  generally  followed  an 
inverse  relationship  with  water  temperatures,  but  were  probably  decreased  at 
times  by  the  influences  of  nearby  ground  water  discharges  during  low  flow  and 
by  suspended  solids  (sediment  and  organic  material)  during  and  immediately 
following  high  flow  periods. 

Laboratory  water  quality  data  for  station  6430  are  listed  in  Table  6.4-5. 
The  1982  data  were  within  observed  ranges  of  previously  collected  data,  with  a 
few  exceptions.  The  nature  of  Evacuation  Creek  water  quality  has  been 
described  in  previous  WRSOC  baseline  and  annual  progress  reports;  therefore, 
this  discussion  will  concentrate  on  values  outside  of  previously  observed 
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ranges.     The  values  of  lab  alkalinity   (593  mg/1)    and  total    ammonia  plus  organ- 
ic nitrogen   (140  mg/1)  for  the  July  28  sample  were  well    above  previously 
observed  maximum  values   (460  mg/1    and  30  mg/1,   respectively).     This  sample  was 
collected   immediately  following  the  recession  of  a  relatively   large  flash 
flood,   and  the  suspended  solids  concentration  (61,800  mg/1)  was  very  high 
considering  the   amount   of  flow  at  the  time   (0.23  cfs).     Flash  floods   in  this 
watershed  typically  transport   a  great  deal   of  organic  material   with  surface 
runoff.     This   probably  caused  a  temporary  loading  of  nitrogen  compounds  to  the 
stream  system.     It   is  not  known  at  this  time  whether  the  effects  of  the  flash 
flood   also   led  to  the   increased   lab   alkalinity  and  decreased  field  pH  value 
for  this  sample. 

In  summary,  water  quality  for  Evacuation  Creek  during  the  1982  water  year 
was   generally  similar  to  previous  years.     A  few  parameters   (water  temperature, 
specific  conductance,   pH,  lab  alkalinity,    and  total    ammonia  plus  organic 
nitrogen)   did  exceed   previously  observed  ranges  during  the  year.     There  were 
only  minor  project-related  disturbances   in  this  watershed;  therefore,   it  is 
likely  that  observed  differences  from  previous  records  were  caused  by  the 
hydrologic  system's  response  to  natural    variations   in  climatic  conditions  or, 
possibly,   some  or   all    of  the  differences  could  have  been  due  to  nonproject- 
related  activities  in  the  Evacuation  Creek  watershed  upstream  of  the  tracts. 
C.     Dry  Washes.     The  observed  temperature  ranges  during  1982  from  continuous 
recorders   at  stations  6602  and  6610  were  1.0°C  to  29.0°C  and  6.0°C  to  29.0°C, 
respectively.     Both  of  these  records   are   largely   incomplete  due  to  silt  depo- 
sition on  the  probes  during  the  periods  of  flow. 

The  observed  specific  conductance  ranges  during  the  year  from  continuous 
recorders   at  stations  6602  and  6610  were  110  to  492  and  56  to  576 
micromhos/cm,   respectively.     Again,  both  records   are   largely   incomplete  for 
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similar  reasons.  The  1982  maximum  value  for  station  6610  is  within  previously 
observed  ranges.  Minimum  values  for  1982  and  previous  years  are  considered 
questionable  because  it  is  very  difficult  to  determine  when  silt  is  affecting 
the  probe  reading.  The  1982  specific  conductance  records  for  these  two 
stations  are  somewhat  similar  for  comparable  periods  of  flow. 

Field  water  quality  measurements  during  the  year  for  stations  6602  and 
6610  are   shown  in  Table  6.4-4.  Laboratory  analyses  are  listed  in  Table  6.4-5. 
The  USGS  was  unable  to  make  any  field  measurements  or  collect  any  samples  at 
station  6625  during  the  year. 

Water  quality  results  for  station  6610  during  1982  are   similar  to 
previously  collected  data,  with  one  exception.  The  field  pH  value  for 
September  29  (7.2  units)  is  slightly  below  the  previously  observed  range  (7.9 
to  8.8  units)  from  four  measurements. 

Comparison  of  the  September  29  data  for  stations  6602  and  6610  indicates 
that  there  were  some  differences  in  the  water  quality  of  runoff  from  these  two 
watersheds.  Specific  conductance  and  the  TDS  concentration  were  slightly 
lower  at  station  6602.  This  is  not  believed  to  be  particularly  significant 
because  it  is  known  that  specific  conductance  and  TDS  will  fluctuate  over  a 
fairly  wide  range  during  a  single  flow  event.  The  distributions  of  major  ions 
were  generally  similar  for  both  stations.  In  both  cases,  sodium  was  the 
dominant  cation  and  bicarbonate  was  the  dominant  anion. 

Values  for  all  of  the  dissolved  nutrients  (nitrogen  and  phosphorus 
compounds)  were  slightly  higher  at  station  6602  than  at  station  6610.  Values 
for  COD,  total  ammonia  plus  organic  nitrogen,  and  total  phosphorus  were  much 
higher  at  station  6602  than  at  station  6610;  however,  they  are   not  greater 
than  respective  maximum  values  at  station  6610  during  the  period  of  record. 
The  differences  in  these  three  constituents  between  stations  are   probably 
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related  to  construction  activities  v/ithin  the  Plant  Site  Wash  drainage. 
Suspended  sediment  data  indicated  that  earthwork  activities  probably  caused  an 
increase  in  the  amount  of  fine-grained  material  in  Plant  Site  Wash  runoff. 
Compounds  used  in  construction  such  as  explosives,  are  also  a  potential 
source  for  increased  nitrogen  compound  concentrations. 

Values  for  some  of  the  dissolved  trace  materials  showed  notable  differ- 
ences between  stations  6602  and  6610.  These  included  aluminum,  iron,  manga- 
nese, molybdenum,  nickel  and  strontium.  The  concentrations  of  dissolved 
strontium  (190  ug/1)  and  molybdenum  (1  ug/1)  at  station  6602  were  less  than 
minimum  values  for  the  period  of  record  at  station  6610  (200  ug/1  and  3  ug/1, 
respectively).  The  concentrations  of  dissolved  aluminum  and  manganese  at 
station  6602  were  greater  than  those  at  station  6610  on  September  29,  but  were 
within  observed  ranges  for  previously  collected  data  at  station  6610.  The 
concentrations  of  dissolved  iron  (2200  ug/1)  and  nickel  (13  ug/1)  at  station 
6602  were  greater  than  maximum  values  for  the  period  of  record  at  station  6610 
(1000  ug/1  and  <  2  ug/1,  respectively).  It  is  believed  that  the  differences 
in  concentrations  of  dissolved  iron  and  nickel  are   of  significance;  however, 
it  is  not  known  whether  they  are  due  to  natural  variations  in  water  quality 
between  watersheds,  or  were  caused  by  project  activities  in  the  Plant  Site 
Wash  drainage. 

In  summary,  the  water  quality  data  collected  at  station  6610  during  the 
1982  water  year  indicated  that  conditions  were  similar  to  previous  years. 
This  was  to  be  expected  since  no  significant  disturbance  has  occurred  in  the 
Southam  Canyon  Wash  watershed  to  date.  No  water  quality  data  were  collected 
at  station  6602  prior  to  1982,  therefore  comparisons  to  earlier  records  cannot 
be  made.  (Baseline  monitoring  was  initiated  at  station  6602  during  the  1981 
water  year;  however,  there  were  no  flow  events  during  that  year.)  Comparison 
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of  1982  data  for  stations  6602  and  6610  indicates  that  the  general   character- 
istics  of  water  quality   and  major   ion  distributions  were  similar.     In  con- 
trast, nutrient  levels  were  greater  at  station  6602,   especially  in  the 
suspended   phase.     This   is   attributed  to  construction   activities   in  Plant  Site 
Wash.     It   is  not  known  whether  the  increased  nutrient  levels  were  caused 
simply  by  disturbance  of  surface  materials     or  by  compounds  (such   as  explo- 
sives)  used  in  construction  activities.     In  any  case,  the  observed  nutrient 
levels   at   station  6602  were  not   significantly  greater  than  respective  maximum 
values  observed  at  station  6610  during  the  entire  baseline  period.     Values  of 
several    trace  materials   also   illustrated  notable  differences  between  stations. 
Only  the  concentrations  of  dissolved  iron  and  nickel    are  believed  to  be  of 
significance,   because  the  values   for  station  6602  are  greater  than  respective 
maximum  values  for  the  period  of  record   at  station  6610.     The  cause(s)   for  the 
differences   in  these  two  constituents   are  not   known   at  the  present  time. 

6.4.2     Bedrock  Aquifers 

6.4.2.1     Birds  Nest  Zone     Ground  water  conditions   and  analyses  for  the 
three  continuously  monitored  wells   (P-1,  P-2  Lower,    and  P-3)    are  described 
individually  below.     Ground  water  conditions  and  analyses  of  the  seven  other 
Birds  Nest  Zone  wells   (G-wells),   which  have  been  monitored  on  a  semi-annual   or 
contingency  basis,   are  described  collectively  following  the  P-well   discussion. 
This  sub-section  concludes  with  a  general    discussion  of  recent   ground  water 
level   conditions  for  all   Birds  Nest  Zone  wells. 

The  discussions   are  limited  to  water  levels  only.     No  ground  water 
quality  data  were  collected  for  these  wells  during  the  1982  water  year. 

A.     Well    P-1.     The  maximum,  minimum  and  mean  annual    depths  to  water  and 
the  corresponding  static  water  level   elevations  observed  during  the  1982  water 
year  at  well   P-1   are  tabulated  below. 
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WELL   P-1 

ANNUAL   EXTREME   AND   MEAN   STATIC   WATER   LEVELS 

(Land  Surface  Elevation:     5,284.0  feet) 


Elevation  Depth 

(ft)  (ft)  Date 

Low  5-000.1  283.94  6/16/82 

High  5.007.0  276.98  7/19/82 

Mean  5,004.3  279.67 


Up  to  June  1982,  the  mean  daily  depth  to  water  was   about  279  feet,   and 
fluctuated  between   about  278.5  and  279.5  feet.     These  observed  mean  daily 
water  levels   and  range  of  fluctuations  were  very  similar  to  those  observed 
during  the  1981  water  year  and  previous   periods.     However,   beginning  June  2, 
the  water  level   declined  rapidly  and  by  June  16  had  reached  the  maximum  depth 
for  the  year  of  283.94  feet,   representing  a  decline  of   about  5.4  feet   over  14 
days.     Most  of  this  decline  (a  net  decrease  of  three  feet)   occurred  during  a 
two-day  period  from  June  2  to  June  4.     Static  water  levels  then  recovered 
rapidly,  rising  about  seven  feet  between  June  16  and  July  19  to  the  minimum 
depth  for  the  year  of  276.98  feet.     The  majority  of  the  seven-foot   increase 
(the  extreme  annual   fluctuation  measured  at  P-1),  occurred  over  two  very  brief 
recovery  periods.     After  the  July  19  peak,  the  static  water  level    again 
declined  rapidly  below  previously  observed  levels,  from  which  it  is   apparently 
slowly  recovering.     A  continuous   hydrograph  of  static  water  levels   at  well   P-1 
for  the  1982  water  year  is  shown  in  Figure  6.4-9. 

The  rapid  shifts   in  static  water  level    are  not  fully  understood  but  the 
phenomenon  is   apparently  localized  near  P-1  since  other  wells  with  continuous 
water  level    recorders   (P-2  Lower  and  P-3)   do  not   directly  reflect  this  condi- 
tion.    Although  the  mechanisms  controlling  these  static  water  level   fluctua- 
tions  are  not  clear,   it   is   possible  that  they   are  related  to  surface 
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excavation  blasting  occurring  near  the  P-1  site  at  the  approximate  time  the 
shifts  occurred.  Based  on  equipment  checks  and  manual  measurements,  the 
recorded  values  are   believed  to  represent  actual  static  water  level  fluctua- 
tions and  are  not  caused  by  recorder  malfunction. 

B.  Well  P-2  Lower.  The  maximum,  minimum  and  mean  annual  depths  to  water 
and  corresponding  static  water  level  elevations  observed  during  the  1982  water 
year  at  well  P-2  Lower  are  tabulated  below. 

WELL  P-2  LOWER 

ANNUAL  EXTREME  AND  MEAN  STATIC  WATER  LEVELS 

(Land  Surface  Elevation;  4,990.5  feet) 

Elevation      Depth 

(ft)         (ft)         Date 

Low  4,831.3  159.24  9/6/82 

High  4,833.2  157.34  11/25/81 

Mean  4,832.2  158.32 

The  extreme   annual    fluctuation  was  1.90  feet   and  occurred  between  November  25, 
1981   (highest  water  level)    and  September  6,   1982   (lowest  water  level).     A 
continuous   hydrograph  of  static  water  levels   at  well   P-2  Lower  for  the  1982 
water  year  is  shown  in  Figure  6.4-10.     While  short-term  fluctuations  in  water 
level    (about  0.5  feet),   were  normal   compared  to  previous  years   a  net   decline 
in  water  level   of  about  1.5  feet  occurred  over  the  1982  water  year.     This   is   a 
continuation  of  a  trend   involving  declining  water   levels   at  this  well    that  has 
been  observed  since  mid-1980.     The  net  decline  in  water  level   occurring  since 
that  time  (about  two   and  one-half  years)   is  now   about   six  feet.     Water  levels 
are  now  at  their  lowest  point  for  the  entire  period  of  record  and,   since  the 
lowest  values  were  recorded   in  September  1982,   the  trend   is  expected  to 
continue  into  the  1983  water  year. 
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The  long-term  decline  in  static  water  levels   at  P-2  Lower  is  probably 
related  to  a  withdrawal    of  Birds  Nest  Zone  ground  water  to  the  north  or  north- 
west of  the  well    site.     This  subject   is  discussed  in  detail    in  the  summary  for 
all  Birds  Nest  Zone  wells. 

C.  Well    P-3.     The  maximum,  minimum  and  mean  annual   depths  to  water  and 
corresponding  static  water  level    elevations  observed  during  1982  water  year  at 
well   P-3  are  tabulated  below. 

WELL  P-3 

ANNUAL  EXTREME  AND  MEAN  STATIC  WATER  LEVELS 

(Land  Surface  Elevation:  5,486.0  feet) 

Elevation       Depth 

(ft)         (ft)         Date 

Low  5,034.0  451.96  2/20/82 

High  5,039.1  446.85  5/15/82 

Mean  5,035.7  450.26 

The  extreme  annual   fluctuation  was  5.11  feet   and  occurred  between 
February  20,   1982  (lowest  water   level)    and  May  15,   1982   (highest  water  level). 
A  continuous  hydrograph  of  static  water  levels   at  well   P-3  for  the  1982  water 
year  is   shown   in  Figure  6.4-9.     Water  level    fluctuations   and  mean  water  level 
were  within  normal   ranges  compared  with  the  1981  water  year  and  earlier 
periods. 

D.  G-Wells.     In  general,  water  level   measurements   at  wells  G-5,  G-8, 
G-8A,  G-10,  G-11,  G-15  and  G-21  indicated  variable  declines  during  the  1982 
water  year.     Only  one  measurement  was  taken  at  well   G-14,  which  was   added  to 
the  monitoring  program  late   in  the  year.     The  static  water  level   measurements 
taken  at  the  G-wells  during  the  1982  water  year  are  summarized  in  Table 
6.4-6. 

The  largest   annual    static  water  level    declines   (April    1981  versus  April 
1982,   see  Figure  6.4-11)   among  this   group  of  wells  occurred  at  well  G-10, 
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TMLE  6.4-6 

BtlWOa  AQUIFER  HONIT0RING  HFllS 

STATIC  WATER  LEVaS 

KTOBER  1981  TO  SEPTEMBER  1982 

ELfVA- 

ELEVA- 

TION 

WATER 

TION  OF 

DEPTH 

OF    LAND 

LEVEL 

STATIC 

OF 

SURFACE 

(FEET 

WATER 

HELL 

DATUM 

BELOU 

LfVEL 

LKAL  IDENTIFIER 

DATE 

TIME 

(FEET) 

<FEET) 

LSD) 

(FEET) 

G-10 

12/06/81 

1100 

400 

5364.0 

311.65 

5052.35 

04/26/82 

1250 

400 

536^0 

312.60 

5051.40 

07/07/82 

0930 

400 

5364.0 

317.82 

5046.18 

G-n 

12/06/81 

1010 

500 

5375.0 

469.90 

4905.10 

04/26/82 

1200 

500 

5375.0 

470.92 

4904.08 

07/07/82 

1100 

500 

5375.0 

470.06 

4904.94 

G-14 

07/07/82 

1220 

90 

5270.0 

38.70 

5231.30 

D-15 

12/06/81 

0945 

627 

5343.0 

510.  O*] 

4833.00 

02/02/82 

1130 

627 

5343.0 

510.32 

4832.68 

03/23/82 

1230 

627 

5343.0 

510.35 

4832.65 

04/26/82 

1130 

627 

5343.0 

510.51 

4832.49 

06/14/82 

1100 

627 

5343.0 

510.90 

4832.20 

07/07/82 

1000 

627 

5343.0 

510.89 

4832.11 

G-21 

12/06/81 

0920 

612 

5262,0 

43C'.90 

4831.10 

02/02/82 

1100 

612 

5262.0 

43C'.95 

4831.05 

03/23/82 

1200 

612 

5262.0 

431.09 

4830.91 

04/26/82 

1050 

612 

5262.0 

431.22 

4830.78 

06/14/82 

1020 

612 

5262.0 

431.20 

4830.80 

07/07/82 

1015 

612 

5262.0 

431.50 

4830.50 

G-5 

12/06/81 

1025 

620 

5292.0 

460.50 

4831.50 

04/26/82 

1220 

620 

5292.0 

460.82 

4831.18 

07/07/82 

1120 

620 

5292.0 

461.10 

4830.90 

G-B 

12/06/81 

1150 

127 

5095.5 

50.35 

5045.15 

04/26/82 

1400 

127 

5095. J 

50.27 

5045.23 

07/07/82 

1245 

127 

5095.5 

50.71 

5044.79 

G-BA 

12/06/81 

1140 

100 

5095.0 

38.30 

5056.70 

04/26/82 

1355 

100 

5095.0 

38.50 

5056.50 

07/07/82 

1240 

100 

5095.0 

39.03 

5055.97 

P-4 

12/06/81 

1130 

400 

5718.5 

262.90 

5455.60 

04/26/82 

1335 

400 

5718.5 

262.76 

5455.74 
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which  dropped  8.1  feet,   and   at  v/ell   G-11,  which  dropped  7.0  feet.     The  decline 
in  static  water  level    at  the  remaining  wells  ranged  from  0.2  feet   at  well  G-8 
to  2.5  feet   at  well   G-21. 

During  the  period  April   26  to  July  7,   1982,  most  of  the  these  G-wells 
exhibited  a  small    decline  in  static  water  level   ranging  from  0.3  feet  to  0.5 
feet.     However,  static  water  levels  at  well   G-10  declined  5.2  feet  during  this 
period     and   rose  by  0.3  foot   at  well  G-U.     Surface  excavation  blasting  was 
occurring  in  the  vicinity  of  wells  G-10  and  G-11  during  this  period.      It   is 
possible  that  water  levels   at  these  two  wells  may  have  been   affected   in  a 
manner  similar  to  that  for  well   P-1.     However,  the  two  available  instantaneous 
measurements   (April   26  and  July  7)  for  each  well    are  not    adequate  for  verifi- 
cation of  this  possibility. 

Figure  6.4-11  presents   a  comparison  of  static  water  levels  occurring   at 
similar  times  during  the  past   several    water  years   at  the  G-wells.     The  figure 
indicates  that  water  levels  for  most  of  the  G-wells  are  presently  five  to 
seven  feet   below  comparable  historic  water  levels,    and  that  notable  water 
level   declines  have  occurred  during  the  1981   and  1982  water  years.     Wells  G-8 
and  G-8A  are  exceptions,   since  their  water  levels  have  remained  relatively 
stable  during  water  years  1978-1982.     In  each  of  four  cases   (wells  G-5,  G-11, 
G-15   and  G-21).   observed  static  water  levels   are  presently  (July  7,   1982)    at 
their  lowest  measured  values  since  the  1977  water  year.     None  of  the  Birds 
Nest  Zone  wells  have  been  pumped  since  the  1976  water  year. 

Unlike  the  previous  discussions  of  water  level   conditions  derived  from 
the  continuously  monitored  P-wells,  the   above  descriptions  of  water  level 
conditions  for  the  G-wells  are  based  on  widely-spaced  measurements   and   are 
therefore  limited   in  their  representativeness   of  detailed  short-tenn  ground 
water  conditions. 
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E.  Summary  of  Water  Level  Fluctuations  for  Birds  Nest  Zone  We11s. 
The  most  notable  observation  In  the  Birds  Nest  Zone  has  been  the  dramatic 
shifts  In  static  water  level  that  occurred  at  well  P-1.  As  mentioned  earlier, 
the  phenomenon  is  not  fully  understood  but  may  be  related  to  surface  excava- 
tion blasting  near  the  well  site. 

Water  levels  at  wells  G-8,  G-8A  and  P-3  have  remained  relatively  stable 
throughout  the  1982  water  year.  At  well  P-2  Lower,  water  levels  have  continu- 
ed a  steady,  long-term  decline  which  began  in  mid-1980.  Water  levels  at  other 
wells  also  began  to  Illustrate  gradual  declines  for  comparable  periods  after 
mid-1980.  Water  levels  at  wells  G-5,  G-15  and  G-21  declined  during  the  1981 
and  1982  water  years.  In  contrast,  water  levels  at  wells  G-10  and  G-11 
declined  only  during  the  1982  water  year.  Taken  together,  the  data  suggest 
that  a  cone  of  depression  has  spread  from  the  northwest  to  the  southeast 
across  the  tracts.  This  direction  is  up-  gradient  in  comparison  to  the  piezo- 
metric  contours  of  the  Birds  Nest  Zone.  Those  wells  which  have  the  highest 
piezometric  surface  (in  terms  of  elevation),  namely  wells  P-3,  G-8  and  G-8A, 
have  shown  little  or  no  decline  in  static  water  level  up  to  the  present  time. 

The  cause(s)  for  the  recent  general  decline  in  Birds  Nest  Zone  water 
levels  are   not  fully  understood  at  this  time.  However,  it  is  probable  that 
the  observations  (excluding  conditions  at  well  P-1)  are  explainable  in  terms 
of  Increased  discharge  from  the  Birds  Nest  Zone  to  the  north  or  northwest  of 
the  tracts.  Necessary  Information  to  verify  or  discount  such  a  relationship 
is  not  presently  available. 

In  any  case,  the  decline  in  water  levels  is  not  believed  to  represent  any 
significant  depletion  in  aquifer  storage  below  the  tracts  since  most  of  the 
effect  has  occurred  in  the  confined  portions  of  the  Birds  Nest  Zone  (well  G-15 
being  the  one  exception).  The  principal  effect  of  the  declines  is  a 
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redistribution  of  piezometric  contours  in  the  aquifer,  which  will  influence  to 
a  small  degree  the  direction  and  rate  of  ground  water  flow  below  the  tracts. 

6.4.2.2  Upper  Aquifer.  The  maximum,  minimum  and  mean  annual  depths  to 
water  and  the  corresponding  static  water  level  elevations  observed  during  the 
1982  water  year  at  well  P-2  Upper  are  tabulated  below. 

WELL  P-2  UPPER 
ANNUAL  EXTREME  AND  MEAN  STATIC  WATER  LEVELS 
(Land  Surface  Elevation:  4,991.0  feet) 

Elevation      Depth 

(ft)        (ft)        Date 

Low  4,895.2  95.77  1/08/82 
High  4,896.0  95.01  10/29/81 
Mean     4,895.6       95.37 

The  extreme  annual    fluctuation  was  0.76  feet   and  occurred  between  October 
29,  1981   (highest  water  level)    and  January  8,   1982   (lowest  water  level).     A 
continuous   hydrograph   of  static  water  levels   at  well   P-2  Upper  for  the  1982 
water  year  is  shown  in  Figure  6.4-10.     The  mean  water  levels   and  range  of 
fluctuation  were  very  similar  to  those  observed  during  the  1981  water  year  and 
previous  periods. 

6.4.2.3  Douglas  Creek  Aquifer.     The  semi-annual   water  level  measurements 
taken   at  well   P-4  during  the  1978  through  the  1982  water  years   are  tabulated 
in  Table  6.4-7.     The  table  indicates  that  no  significant  change  in  well   P-4 
water  levels  has  occurred   in  recent  years.     The  Douglas  Creek  Aquifer  below 
the  tracts  is  therefore  considered  to  presently  have  an  established  long-term 
stability  with  respect  to  static  water  level. 
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6.4.3     Alluvj  a1   Ground  Water 

6.4.3.1  Water  Levels     Water  level   data  collected   at  the  three  alluvial 
ground  water  monitoring  wells   (AG-3-1,   AG-3-3  and  AG-6-1)    are  tabulated   in 
Table  6.4-8.     Annual    ranges  in  water  levels   at   all   three  wells  were  similar  to 
most  of  the  previous  years  of  record.     The  highest   annual   water  levels  during 
the  period  of  record  at   all   three  wells   appear  to  coincide  with  the  magnitude 
and  timing  of  upper  basin  snowmelt   runoff  for  the  White  River.     Since  each 
well    is  within  a  few  hundred  feet  of  the  White  River,  this  suggests  that  there 
is  a  direct  recharge  relationship  between  the   alluvial   water  bearing  zones   and 
the  river. 

Well   AG-6-1  is  located  within  the  channel   bed  of  Southam  Canyon  Wash. 
Water  level    data  for  this  well   during  the  period  of  record  have  not  reflected 
any  noticeable  recharge  to  the  alluvial   water  bearing  zone  following  periods 
of  runoff  from  Southam  Canyon  Wash.     This   is   probably  due  to  the  fact  that 
runoff  typically  lasts  only  a  few  minutes  or  hours. 

6.4.3.2  Water  Quality     Field  water  quality  data  collected  at  the  three 
alluvial    groundwater  monitoring  wells   are  tabulated  below. 


Water 

Specific 

Well 

Temp. 

Conductance 

PH 

Number 

Date 

(°C) 

(umhos/cm) 

(units) 

AG-3-1 

12/7/81 

11.1 

3,000 

7.6 

4/27/82 

9.8 

3,000 

8.2 

AG-3-3 

12/7/81 

11.7 

1.650 

6.8 

4/27/82 

10.0 

1,750 

8.0 

AG-6-1 

12/7/81 

12.6 

1,300 

6.8 

4/30/82 

12.0 

1,290 

8.0 

5/21/82 

13.5 

1,250 

8.4 

Water  temperature  at   all   three  wells  show  no  significant   change  from  earlier 
baseline  values. 
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Specific  conductance  at  wells  AG-3-1   and  AG-3-3  decreased  by   approximate- 
ly 1,200   and  1,000  micromhos/cm,   respectively,   between  the  1979  water  year  and 
the  1981  water  year,    and  then  remained  at  similar  levels  during  the  1982  water 
year.     At  well  AG-6-1,   specific  conductance  decreased  from  a  range  of  6,180  to 
7,250  micromhos/cm  during  the  1976  water  year  to  a  range  of  1,300  to  1,900 
micromhos/cm  during  the  1979  year,   followed  by  a  smaller  decline  to  a  range  of 
1,250  to  1,300  micromhos/cm  during  the  1982  water  year.     The  declines  in 
specific  conductance  at  these  three  wells  do  not  correspond  exactly,   in 
regards  to  timing,  with  the  occurrences  of  above  normal    upper  basin  snowmelt 
runoff.     Although   increased  recharge  from  the  White  River  would  probably 
decrease  the  specific  conductance  of  alluvial   water,  the  effects  are  apparent- 
ly not   seen   immediately,  or  other  unknown  factors  may   also  be   involved. 

A  water  quality  sample  was  collected  from  well   AG-6-1  in  May  1982  in 
order  to  define  current  water  quality  characteristics   for  this  well,   since 
recent  specific  conductance  measurements  were  somewhat  lower  than  in  September 
1979  when  the  previous  water  quality  sample  was  collected.     The  May  1982 
laboratory  analysis  from  well   AG-6-1  is  presented  in  Table  6.4-9  A  Piper 
diagram,  depicting  changes   in  water  quality  at  AG-6-1  through  the  entire 
period  of  record  is  presented  in  Figure  6.4-12.     The  Piper  diagram  illustrates 
that,  with  respect  to  major  ions,  water  quality  has  changed  progressively 
since  1976  from  a  Ca+Mg+Na/S04  composition  through  a  series  of  intermedi- 
ate stages  to  a  Na/HC03+S04  composition.     In  comparison  to  the  September 
1979  data,  there  have  been  notable  decreases  for  specific  conductance,   TDS  and 
most  of  the  major  ions,   as  expected.     Several   dissolved  trace  metals   (boron, 
copper,    iron,  manganese,    zinc   and  strontium)    also  showed  notable  decreases. 
Certain  nutrients   (dissolved  nitrite  plus  nitrate,  total    ammonia  plus  organic 
nitrogen,    and  total    phosphorus)   increased  notably.     The  remaining  constituent 
values  were  similar  to  the  previous  data. 
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FIGURE  6.4-12 
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The  changes  in  water  quality  over  the  period  of  record  for  wells  AG-3-1, 
AG-3-3,    and  AG-6-1   are  probably  due  to  flushing  of  the   alluvial    ground  water 
systems  by  the  White  River.     This  flushing  action  would  be  most  significant 
during   above-normal    upper  basin   snowmelt   runoff  periods.     There  may  be  some 
additional   unknown  factors  or  time  lags  involved,   since  the  highest  observed 
water  levels  do  not  correspond  exactly  in  time  with  the  lowest  observed  values 
in  specific  conductance.     It   is  believed  that  the  water  quality  at  well   AG-6-1 
was   additionally   affected  in  the  earlier  years   of  record  by   aquifer  test 
discharges  from  wells  P-2  Upper  and  P-2  Lower.     This  has  been  discussed  in 
detail    in  the  WRSP  Final   Environmental   Baseline  Report   (VTN   1977)    and  the  WRSP 
Progress  Report  for  Environmental   Programs  in  1977   (WRSP  1978). 

Eight  wells  were  drilled   in  the  White  River   alluvium  in  April    1982  near 
the  northwestern  corner  of  Tract  Ub  as  exploration/test  holes  for  an   alluvial 
water  supply   system  for  the  White  River  Shale  Project.     Field   and   laboratory 
water  quality  determinations  were  made  during  pump  testing.     While  not  formal- 
ly a  part   of  the   alluvial    ground  water  monitoring  program,    a  USGS  laboratory 
analysis  of  ground  water  from  the  test  well   was  reviewed  and  has  been  included 
in  the  Data  Management  System  for  the  White  River  Shale  Project.     Field  water 
quality  measurements  were  taken  by  WRSOC  staff  at  the  time  of  pump  testing. 
The  water  quality  data  for  this  well    are  shown   in  Table  6.4-10. 

6.4.4     Preci pi  tat  ion/ Evaporation 

6.4.4.1     Precipitation     The  1982  water  year  was   an  unusually  wet  year. 
Historic  records   indicate  an  annual    average  precipitation  total    of  approxi- 
mately 10.0  inches  for  the  tracts.     The  tract  average  for  1982  was  14.60 
inches,  making  1982  the  wettest  year  in  the  eight-year  data  collection   period. 
Table  6.4-11  presents  the  station  precipitation  totals  for  water  years  1975 
through  1982.     As  can  be  seen  in  the  table,    all    stations  exceeded  their 
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TABLE  6.4-11 

ANNUAL  PRECIPITATION  (IN  INCHES) 
FOR  WATER  YEARS  1975-1982 


Station 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

ARA-2 

9.60 

6.00 

9.91 

10.52 

7.30 

15.10 

ARA-13 

9.20 

6.00 

6.50 

10.33 

9.50 

7.40 

13.80 

ARS-9 

10.59 

10.21 

11.29 

10.33 

8.80 

14.00 

RA-4 

12.89 

11.33 

9.27 

14.10 

RB-1 

8.92 

14.64 

RS-10 

6.32 

14.80 

RS-11 

8.14 

10.57 

8.20 

7.71 

13.92 

RS-13 

8.57 

9.78 

9.83 

9.69 

8.28 

15.73 

RV-7 

8.10 

10.30 

9.22 

8.00 

15.41 

RV-8 

9.09 

6.38 

11.17 

9.08 

8.77 

14.54 
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previously  recorded  maximum.     The  ten-station  network   average  for  1982  exceed- 
ed the  long-term  average  by  146%. 

The  greatest  precipitation  for  the  network  was  recorded  at  RS-13,  where  15.73 
inches  were  collected.      In  1982,  RS-13  replaced  RA-4  as  the  station  with  the 
highest  rainfall   total.     This  is  unusual    in  that  RA-4  is   approximately  750 
feet  higher  in  elevation  than  RS-13  and  RA-4  had  been  the  station  with  the 
greatest  total   precipitation  since  it  was  established        during  the  1979  water 
year.     The  lowest  network  total   was  measured   at  ARA-13  (13.80  inches).     This 
is  not  unusual    as  ARA-13  consistently  records  low  precipitation  totals  rela- 
tive to  other  stations.     At  ARA-13,   precipitation  was  recorded  on  a  total    of 
60  days,  with  the  greatest  24-hour  total   of  1.1  inches  on  October  11  and  12, 
1981   and  July  26  and  27,  1982.     The  greatest   six-hour   accumulation  was  1.0 
inches  on  July  26  and  27,   1982. 

A  summary  of  the  1978  through  1982  seasonal    precipitation  totals   are 
presented   in  Table  6.4-12.     As   seen  from  the  table,   summer  (July  through 
September  1982)    and  fall    (October  through  December  1981)   precipitation  exceed- 
ed typical    seasonal    totals.     A  check   of  summer  data  in  Table  6.4-12  points   out 
the  variable  nature  of  summer  precipitation,  which  has   a  range  of  6.1   inches 
over  a  five-year  record.     Winter  (January  through  March  1982)    and  spring 
(April   through  June  1982)    reported  slightly  lower  than  normal    seasonal 
totals. 

Seasonal    isohyetal    analyses   are  presented  in  Figures  6.4-13  through 
6.4-16.     Typically,   fall    and  winter  precipitation  has  been  the  result  of 
synoptic  scale  storms,  while  spring  and  summer  events  were  due  to  localized 
thunderstorm  cells.     Synoptic   storms  result   in  a  fairly  uniform  distribution 
of  precipitation  across  the  tracts.     Thunderstorms,  on  the  other  hand,  usually 
result   in   highly  variable  precipitation  between   gauges.     The  1982  water  year 
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TABLE  6.4-12 

SEASONAL  PRECIPITATION  (IN  INCHES) 
FOR  WATER  YEARS  1978-1982 


Fall 

Winter 

Spring 

Summer 

Total 

1978 

2.69 

2.28 

1.34 

0.80 

7.11 

1979 

2.88 

3.46 

2.19 

2.26 

10.79 

1980 

2.39 

2.60 

1.36 

3.41 

9.76 

1981 

1.60 

1.37 

2.60 

2.50 

8.07 

1982 

4.58 

1.75 

1.37 

6.90 

14.60 

Mean    2.83      2.29      1.77      3.17     10.06 
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revealed  large  deviations  from  the  patterns  that  have  typified  the  past 
several  years.  The  greatest  inconsistency  was  found  in  the  summer  data. 

Relative  to  total  annual  precipitation,  summer  (Figure  6.4-16)  was  the 
dominant  season  of  the  water  year,  contributing  47%  of  the  total  annual 
precipitation.  Most  of  the  summer  precipitation  originated  from  large 
synoptic  storms.  Thunderstorms  did  occur,  but  precipitation  associated  with 
these  localized  events  was  secondary  to  synoptic  rainfall.  This  change 
resulted  in  a  dramatic  shift  from  previous  seasonal  patterns.  More  precipita- 
tion fell  in  the  north  and  northwest  portion  of  the  tracts  than  in  the  south 
and  southeast.  Little  correlation  was  found  between  altitude  and  precipita- 
tion across  the  tracts. 

The  fall  (Figure  6.4-13)  and  winter  (Figure  6.4-14)  seasonal  patterns 
were  consistent  with  previously  reported  patterns.  Frontal  precipitation 
resulted  in  fairly  uniform  precipitation  across  the  tracts.  Fall  and  winter 
isohyetal  analyses  show  a  slight  correlation  between  altitude  and  precipita- 
tion. Fall  contributed  31%  of  the  annual  precipitation  total,  while  winter 
contributed  12%  of  the  total. 

The  1982  spring  precipitation  pattern  (Figure  6.4-15)  resulted  from  the 
combined  effects  of  localized  thunderstorms  and  synoptic  storms  with  thunder- 
storms being  dominant.  Normally,  the  highly  variable  spring  precipitation  is 
influential  in  the  annual  pattern.  However,  in  1982,  spring  was  relatively 
dry  compared  to  fall  and  summer.  Spring  contributed  only  10%  of  the  annual 
total  and,  thus,  failed  to  significantly  affect  the  annual  pattern.  Annual 
isohyetal  analysis  is  presented  in  Figure  6.4-17.  Typically,  precipitation  is 

lower  in  the  west  and  northwest  portions  of  the  tracts  and  gradually 
increases  toward  the  south  and  southeast.  The  1982  pattern  is  the  inverse  of 
the  typical  pattern  with  higher  precipitation  in  the  west  and  northwest  gradu- 
ally decreasing  toward  the  south  and  southeast. 
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This  pattern  reversal  may  be  partially  attributed  to  the  dominance  of  synoptic 
storms  which  occurred  during  the  fall,   winter,    and  summer.     The  greater 
contributions  of  synoptic  storms  increased  the  proportion  of  relatively 
uniform  precipitation   across  the  tracts.     Large-scale  slow-moving  storms  tend 
to  smooth  out  minor  orographic  effects  across  the  small   scale  of  the  tracts. 

The  regional    precipitation  pattern  for  BLM  gauges  noted   in  previous  years 
continued  during  the  1982  water  year.     Figure  6.4-18  presents  the  1982  annual 
isohyetal    analysis   for  the  BLM  precipitation  network.     The  low-lying  northwest 
portions  of  the  Uinta  Basin  received  less  precipitation  than  the  higher  Roan 
Plateau   in  the  south.     Annual    precipitation  ranged  from  a  high  of  27.3  inches 
at  South  Canyon   (station  33)  to  a  low  of  10.2  inches   at  Baser  Wash   (station 
39).     The  BLM  network  measured   a  140%  increase  in  1982  annual    precipitation 
above  the  historic  average.     This  percentage  increase  approximates  the  146% 
increase  measured  by  the  WRSOC  network.     The  13-  and  14-inch   isohyets  bracket 
the  majority  of  the  tract   area,   providing  an  estimation  of   annual   tract 
precipitation.     The  13-  to  14-inch  estimate  is  within  10%  of  the  average 
developed  from  the  WRSOC  gauge  network.     While  the  BLM  network  may  provide 
reasonable  estimates  for  tract   precipitation,    it   is  unable  to  provide  in-depth 
analysis  of  annual    and  seasonal   tract  pattern  shifts.     The  large  difference  in 
scale  between  the  BLM  and  WRSOC  networks   prevents  such   analysis. 

Table  6.4-13  presents  the  monthly  data  which  are  used   in  compiling  the 
annual    and  seasonal    (Table  6.4-14)  totals   for  the  1982  water  year. 

6.4.4.2     Evaporation     The  two  evaporation  pans   are  located   in  Southam 
Canyon   (EVP-2)   and  the  plant   site  (EVP-13).     Evaporation  data  were  collected 
during  the  freeze-free  period  of  May  through  September.     Table  6.4-15  presents 
a  monthly  summary  of  the  data  collected  from  the  two  sites.     Total    pan  evapo- 
ration  at  EVP-2  and  EVP-13  for  the  freeze-free  period  were  27.09  inches   and 
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BLM  REGIONAL  PRECIPITATION  NETWORK 
ANNUAL  PRECIPITATION  IN  INCHES 

OCTOBER  1981  -  SEPTEMBER  1982 


33  PRECIPITATION  NETWORK  STATION 
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FIGURE  6.4-18 
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TABLE  6.4-14 

SEASONAL  PRECIPITATION  (IN  INCHES) 
OCTOBER  1981-SEPTEMBER  1982 


Annual 

Station 

Fall 

Winter 

Spring 

Summer 

Total 

ARA-2 

4.67 

1.63 

1.90 

6.90 

15.10 

ARA-13 

4.50 

1.50 

1.10 

6.60 

13.80 

ARS-9 

4.70 

1.70 

1.20 

6.40 

14.00 

RA-4 

4.91 

1.87 

0.96 

6.36 

14.10 

RB-1 

4.43 

2.04 

1.31 

6.86 

14.64 

RS-IO 

4.66 

1.55 

1.36 

7.23 

14. 8U 

RS-11 

4.29 

1.88 

1.25 

6.50 

13.92 

RS-13 

4.20 

1.63 

1.77 

8.13 

15.73 

RV-7 

4.82 

1.78 

1.51 

7.30 

15.41 

RV-8 

4.66 

1.88 

1.35 

6.65 

14.54 

Seasonal 

Arithmetic 

Mean 

4.58 

1.75 

1.37 

6.90 

14.60 

%  of 

Annual 

Total 

31 

12 

10 

47 

100 
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TABLE   6.4-15 


1982 
AT 

PAN   EVAPORATION 
STATION   EVP-2 

Period 

Net  Pan 
Evaporati 
(in) 

on 

Precip- 
itation 

(in) 
1.20 

Pan 
Coefficient 

0.95 

Total    Pan(3! 
Evaporation 
(in) 

5/3-6/1 

4.00 

4.94 

6/2-7/2 

6.48 

0.20 

0.95 

6.35 

7/3-8/2 

6.40 

1.10 

0.95 

7.13 

8/3-8/31 

3.33 

2.80 

0.95 

5.82 

9/1-9/22 

1.80 

1.20 

0.95 

2.85 

Total   foi 
Peri  od 

22.01 

6.50 

27.09 

1982   PAN   EVAPORATION 
AT   STATION   EVP-13 


Period 

Net  Pan 
Evaporation 
(in) 

Precip- 
itation 
(in) 

0.50 

Pan 
Coefficient 

0.95 

Total    Panl^, 
Evaporation 
(in) 

5/4-6/1 

3.53 

3.83 

6/2-7/2 

6.33 

0.00 

0.95 

6.01 

7/3-8/2 

6.25 

1.40 

0.95 

7.27 

8/3-8/31 

3.35 

2.00 

0.95 

5.08 

9/1-9/22 

1.40 

1.30 

0.95 

2.57 

Total    fof 
Period 

20.86 

5.20 

24.76 

(a)  Total    evaporation  equals   (Net  Pan  Evaporation  + 
Precipitation)  x  Pan  Coefficient. 
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24.76  inches,  respectively.     The  1982  results  were  slightly  lower  than  1981 
total    pan  evaporation   values   (EVP-2,  28.06  inches   and  EVP-13,  25.62  inches). 

The  relationship  between  evaporation  and  wind  run,   relative  humidity  and 
mean   air  temperature  is  well    understood.     Generally,   evaporation  is  directly 
related  to  wind  run  and  mean  air  temperature,  while  evaporation  and  relative 
humidity   are   inversely  related.     Figure  6.4-19  presents   a  plot   of  the  1982 
evaporation,  wind  run,  mean  air  temperature  and  relative  humidity  data  for 
EVP-2.     The  data  presented   in  this   figure  follow  the  expected   pattern.     Evapo- 
ration peaks  coincide  with  increased  wind  run   and   air  temperature  and  decreas- 
ed  relative  humidity.     The  major  exceptions  to  this   pattern  occurred   in  July 
when  evaporation  increased  despite  a  decrease  in  wind  run.     In  this  case,  the 
increased  evaporation  may  be  attributed  to  the  high   air  temperatures   (warmest 
month  of  the  freeze-free  period)    and  low  relative  humidity  (lowest  month  of 
the  freeze-free   period). 
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FIGURE  6.4-19 

TOTAL  PAN  EVAPORATION.  WIND  RUN,  MEAN  AIR 
TEMPERATURE  AND  RELATIVE  HUMIDITY 
MAY  -  SEPTEMBER  1982 
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SPECIAL     STUDIES 


7.0  SPECIAL  STUDIES 

The  White  River  Shale  Oil  Corporation  has  identified  several  areas  of 
study  important  to  our  evaluation  of  the  environmental  impacts  of  development 
on  Tracts  Ua  and  Ub.  During  1982,  the  major  area  of  study  involved  reclama- 
tion research.  In  future  years  studies  will  be  expanded  into  other  areas  as 
outlined  in  the  "Environmental  Monitoring  Manual." 
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7.1   RECLAMATION  RESEARCH 
7.1.1   INTRODUCTION 

Reclamation  research  during  1982  was  a  combination  of  several  ongoing 
studies  and  studies  initiated  either  in  late  1981  or  in  1982.  Each  study  is 
directed  to  one  or  several  of  the  "questions  to  be  answered"  itemized  in  the 
1982  White  River  Shale  Oil  Corporation  Environmental  Monitoring  Manual  (Ef^ 
Sec.  7.2.3).  Recently  initiated  research  includes  the  establishment  of  a 
topsoil  storage  pile  to  identify  any  changes  in  soil  microbioloQy  that  may 
occur  with  long  term  storage  and  to  evaluate  methods  of  stabilizing  soil 
storage  piles.  In  the  fall  of  1981,  a  study  was  begun  to  assess  various 
methods  for  enhancing  wildlife  habitat  on  areas  adjacent  to  the  plant  site 
and  processed  shale  disposal  areas.  Other  evaluations  conducted  during  1982 
were  ongoing  studies.  These  include  the  processed  shale  plant  succession 
study  started  in  1981;  evaluation  of  root  growth  in  processed  shale,  an  on- 
going project  since  1979;  soil  and  plant  tissue  analysis  indicating  plant 
tolerance  levels  and  salt  buildup  now  in  its  fourth  year;  and  plant  estab- 
lishment plots  both  on  disturbed  areas  and  processed  shale,  also  started  in 
1979.  In  addition  to  the  field  studies,  several  greenhouse  studies  were  con- 
ducted in  1982.  They  included  analyses  of  the  physical  and  chemical  prop- 
erties of  circular  grate  processed  shale  and  the  response  of  seed  germina- 
tion and  growth  to  those  characteristics. 

The  reclamation  research  completed  to  date  has  provided  information 
pertinent  to  the  revegetation  of  disturbed  areas  and  of  processed  shale. 
Plants  species  have  been  identified  and  methodologies  tested  that  will  pro- 
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vide  valuable  direction  in  meeting  the  criteria  for  successful  revegetation 
for  oil  shale  tracts  Ua  &  lib.  Reclamation  research  for  the  WRSP  continues 
under  the  direction  of  Dr.  Cyrus  M.  McKell  of  Native  Plants,  Inc. 
7.1.2  PROGRAM  SUMMARY 

7.1.2.1  Annual  Plant  Succession  on  Processed  Shale.  The  natural  plant 
succession  onto  processed  shale  disposal  piles  at  Anvil  Points  was  again 
evaluated  in  1982.  In  1981,  three  transects  were  established  and  photo- 
graphed. Those  same  transects  were  again  photographed  in  1982.  In  addition, 
the  average  percentage  of  plant  cover  and  litter  cover  was  estimated  in  June 
of  1982.  It  was  found  that  there  was  approximately  6%  annual  plant  cover 
and  8%  litter  cover.  The  pH  of  the  soil  samples  taken  from  the  pile  was  7.88 
in  those  areas  with  plant  cover  and  slightly  higher,  8.53,  in  areas  void  of 
vegetation.  Electrical  conductivity  (EC)  showed  a  similar  trend,  2.40  mntios/ 
cm  in  vegetated  areas  and  8.60  mmhos/cm  in  areas  of  bareground. 

7.1.2.2  Root  Growth  in  Shale.  Observations  on  root  growth  into  pro- 
cessed shale  made  in  1981  were  again  evident  in  1982.  Western  wheatgrass  is 
spreading  from  the  soil  trenches  at  Anvil  Points  into  adjacent  processed 
shale.  This  was  true  for  most  of  the  grass  species  used  in  the  seedling  ex- 
periment. 

7.1.2.3  Plant  Establishment  Studies. 

A.  Migration  of  Salts  in  Soil  Trenches.  Analysis  of  the  soil  filled 
trench  at  Anvil  Points  followed  the  format  used  in  1981.  Differences  in  pH, 
EC  or  elemental  content  between  soil  or  shale  levels  were  negligible  in  1982. 
The  only  significant  difference  was  with  pH.  It  was  higher  at  the  60  cm  shale 


7-3 


level  than  any  other  soil  samples,  but  not  significantly  higher  than  the  sur- 
face or  15  cm  shale  samples.  After  two  years  since  its  establishment,  only 
a  few  changes  in  the  salt  content,  pH  and  EC  are  evident  at  the  various  soil 
and  shale  depths.  A  significant  decrease  from  1981  to  1982  in  the  amount  of 
Calcium  (Ca)  was  found  at  all  three  shale  levels.  Also,  the  amount  of  Mag- 
nesium (Mg)  decreased  at  the  15  cm  shale,  15  cm  soil  and  60  cm  shale  depths. 
The  only  change  in  pH  occurred  at  the  60  cm  shale  level,  increasing  from 
8.14  in  1981  to  8.70  in  1982.  Other  trends  from  year  to  year  were  noticed, 
but  none  were  found  to  be  significant  statistically.  Future  years  data  are 
needed  to  confirm  these  trends. 

B.  Survival  and  Growth  of  Plants  in  Soil  Trenches.  From  October  1981 
to  October  1982,  six  plants  were  lost  at  the  Anvil  Points  study  site.  Three 
Atriplex  species  were  lost:  1  cuneate  saltbush  from  the  south  soil  trench 
and  two  fourwing  saltbushes,  one  from  the  north  trench  and  one  from  the  micro- 
environment  study  area.  The  other  three  losses  included  one  greasewood  and 
one  prostrate  kochia  from  the  north  soil  trench,  and  a  seepweed  from  the 
basin  plantings.  Percentage  survival  of  the  species  used  in  the  trench  plant- 
ings, basin  plantings  and  flats  plantings  as  of  October  1982  are  as  follows: 
fourwing  saltbush  95%;  shadscale  63%;  cuneate  saltbush  83%;  western  wheat- 
grass  95%;  greasewood  95%;  prostrate  kochia  44%;  and  seepweed  from  trench 
plantings  only  40%.  Both  plant  heights  and  cover  values  were  higher  in  1982 
indicating  that  growth  continues  in  the  fourth  year  of  the  experiment. 

7.1.2.4  Topsoil  Microbiology 

A.  Microbiology  of  Stockpiled  Topsoil.  The  topsoil  storage  pile 
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adjacent  to  the  Section  6  study  area  was  sampled  for  total  organic  carbon, 
total  bacteria,  total   fungal  hyphae  length,   respiratory  activity,  dehydro- 
genase activity,  pH,  EC  and  percent  moisture.     Populations  of  vesicular 
arbuscular  mycorrhizal   (VAM)   fungi  were  also  determined . 

Results  of  the  first  year's  research  indicate  that  microbial   activity 
on  the  topsoil   pile  was   influenced  most  strongly  by  the  availability  of  water. 
No  other  overriding  chemical,  physical  or  biological   influence  on  microbial 
activity  was  detected.     After  one  year  of  storage,  microbial   populations  and 
activity  were  generally  comparable  to  those  undisturbed  soils  in  the  area. 

B.     Seeding  Trials.     The  topsoil   stockpile  established  and  seeded  in 
the  fall   of  1981  with  a  grass  and  shrub  mixture  was  evaluated  for  seeding 
success  in  October  of  1982.     Two  seeding  treatments  were  applied  to  the 
stockpile,  one  in  which  the  seed  was  braodcast  only  and  one  where  the  seed 
was  broadcast  and  raked  in.     Ten  seedlings  of  big  sagebrush  and  two  of  grease- 
wood  were  found  on  the  raked  area.     Only  one  sagebrush  species  was  found  on 
the  unraked  area  and  no  seedlings  were  encountered  on  the  control   area. 
Approximately  30%  of  the  storage  pile  was  covered  with  annual  species. 

7.1.2.5     Interseedings  and  Interplanting  for  Wildlife  Habitat  Enhance- 
ment.    Two  areas,  one  with  substantial   annual   plant  cover  and  one  with  less 
than  5%  annual   plant  cover,  were  seeded  with  a  standard  shrub/grass  mix  in 
October  of  1981.     Seed  application  was  drill   and  broadcast.     A  few  seedlings 
were  observed  in  the  drill   seeded  area  in  June  1982,  but  by  fall   none  were 
observed  in  the  entire  seeded  area. 

Transplants  of  big  sagebrush,  fourwing  saltbush,   gardnert  saltbush  and 
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rubber  rabbi tbrush  were  planted  in  areas  of  high  annual   plant  cover  and  bare- 
ground.     In  June  of  1982  plants  of  all   four  species  were  found  although  sur- 
vival  percentages  varied;  sagebrush  85%;   fourwing  saltbush  92%;  gardner's 
saltbush  23%;  and  rubber  rabbitbrush  46>^.     Only  sagebrush  and  fourwing  salt- 
bush  survived  until  October  of  1982.     Sacebrusli  and  fourwing  saltbush  were 
found  in  the  area  with  heavier  annual   plant  cover  in  June.     By  fall,  only 
sagebrush  survived.     The  greatest  cause  of  irortality  during  the  period  from 
June  to  October  was  probably  rodents  and  rabbits.     The  results  of  heavy    i 
grazing  was  seen  on  the  majority  of  the  nonliving  species  as  well  as  those 
still   showing  signs  of  growth. 
7.1.2.6     Greenhouse  Studies. 

A.  Freeze/Thaw  Effect  on  Physical   Properties  of  Circular  Grate  Pro- 
cessed Shale.     The  effect  of  freeze/thaw  cycles  on  the  physical   properties 
of  circular  grate  processed  shale  was  evaluated  in  the  laboratories  of  Native 
Plants,   Inc.     After  31   freeze/thaw  cycles,  the  particle  size  of  84%  of  the 
shale  sampled  decreased  from  the  original   particle  size  of  6.35  mm  or  larger. 
EC  and  pH  also  decreased. 

B.  Leaching  Experiment.     An  experiment  to  evaluate  the  effects  of  leach- 
ing on  the  chemical   properties  of  circular  grate  processed  shale  was  conducted 
in  the  fall  of  1982.     One  pore  volume  of  material  has  been  leached,  to  date. 
Subsequent  pore  volume  experiments  will   continue  in  1983.     The  leachate  of 
the  first  pore  volume  contained  90%  of  the  available  calcium,   15%  magnesium, 
18%  of  the  sodium  and  89%  of  the  available  potassium  contained  in  the  un- 
leached  shale.     With  the  increase  in  the  amount  of  salts  came  an  increase  in 
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pH  and  EC  of  the  leachate  as  well  as  the  sodium  absorption  ratio  (SAR). 

C.  Seedling  Survival  and  Growth  on  Circular  Grate  Processed  Shale. 
Seedlings  of  twelve  species  of  grasses,  forbs  and  shrubs  were  germinated 
and  grown  for  a  short  period  in  a  standard  soil  mix.  They  were  then  trans- 
planted to  flats  of  circular  grate  processed  shale. 

D.  Seed  Germination  in  Union  B  Processed  Oil  Shale.    An  experi- 
ment was  designed  and  conducted  to  provide  data  on  the  germination  of  the 
seeds  of  various  range  plants  in  processed  oil  shale.  Of  the  15  species 
tested,  seeds  of  11  of  the  species  germinated  in  processed  shale  plots  estab- 
lished at  the  corporate  headquarters  of  NPI.  Russian  wildrye,  northern  sweet- 
vetch  and  needle  and  thread  grass,  and  to  some  extent,  fourwing  saltbush 
showed  the  greatest  germination  success.  Only  the  plots  receiving  13  mm 
water  per  day  showed  seedling  emergence. 

7.1.3  PROGRAM  DESCRIPTION 

7.1.3.1  Objectives  The  objective  of  the  reclamation  research  conducted 
by  Native  Plants,  Inc.  is  for  the  ultimate  development  of  a  successful  revege- 
tation  plant  for  the  oil  shale  tracts  Ua  &  Ub.  Several  secondary  objectives 
have  directed  the  efforts  in  reclamation  research.  These  include  the: 

-  characterization  of  processed  shale  relative  to  its  reclamation 
potential, 

-  determination  of  the  tolerance  and  response  of  various  plant  species 
to  disturbed  areas  and  processed  shale  for  reclamation  and  enhance- 
ment of  wildlife  habitat, 

-  development  of  plant  establishment  methods  for  processed  shale 
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disposal  areas  and  disturbed  sites,  and 
-  measurement  of  the  response  of  microbial  activity  in  topsoil  storage 
piles  to  long  term  storage. 

7.1.3.2  Study  Site  Locations.  Reclamation  research  has  been  conducted 
at  several  sites  on  or  adjacent  to  oil  shale  tracts  Ua  &  Ub  since  the  acqui- 
sition of  baseline  data  in  1975.  Since  that  time,  two  areas  have  been  desig- 
nated for  ongoing  research  studies.  One  is  at  Anvil  Points,  Colorado,  and 
the  other  at  Section  6  near  Bonanza,  Utah.  The  layout  of  both  study  sites 
has  been  presented  in  previous  reports  (see  the  1980  final  report  for  the 
field  plot  designed  and  layout  at  Anvil  Points  and  the  1982  report  fbrstudies 
at  Section  6) . 

7.1.3.3  Quality  Assurance/Quality  Control.  Precautions  were  taken  to 
assure  that  the  quality  of  the  research  conducted  would  meet  those  guidelines 
outlined  in  the  EMM  (Section  3.3.1  and  3,3.2).  In  some  cases,  the  scope  of 
the  project  was  simplified  to  allow  adequate  sampling  and  greater  confidence 
of  the  results.  All  reclamation  research  studies  were  set  up  and  conducted 
to  test  one  of  several  hypotheses  detailed  in  the  EMM  (Section  7.2.3). 
7.1.4  PROGRAM  RESULTS  AND  ANALYSIS 

7.1.4.1  Annual  Plant  Invasion  of  Shale  Disposal  Piles.  Weedy  annuals 
(Salsola  kali ,  Halogeton  glomeratus,  Koch i a  scoparia,  Mentzelia  albicaulis) 
were  noted  growing  in  the  processed  shale  pile,  as  early  as  1977.  These  spe- 
cies growing  in  the  shale  pile  have  invaded  the  site  from  external  natural 
seed  sources.  Photographs  were  taken  along  the  three  transects  (Figure  7.1-1, 
7.1-2,  7.1-3)  marked  in  1981.  A  .25  m  quadrat  subdivided  into  100  equal 
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areas  was  placed  along  each  transect.  Total  cover  was  estimated  and  the 
number  of  seedlings  counted  in  k  of  the  quadrat  (lower  right  quadrat).  A 
summary  of  density,  percent  live  cover,  and  percent  litter  cover  of  the 
above  species  are  given  in  Table  7.1-1.  There  was  an  average  of  almost  6% 
total  living  cover  and  an  additional  8%  litter  cover.  The  plants  were  in 
the  seedling  stage  which  may  explain  the  lower  percentage  cover  with  respect 
to  the  1981  estimate.  Although  several  annual  species  were  present,  only 
annual  kochia  was  encountered  along  the  transects. 


Figure  7.1-1.  l/est  transect  on  shale  disposal  pile  at  Anvil  Point,  Colorado, 

Table  7.1-2  contains  pH,  EC  and  elemental  analysis  values  for  shale 
samples  collected  from  the  surface  of  the  shale  disposal  pile.  Samples  of 
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Table  7.1-1.  Density  and  percentage  cover  of  annual  plant  species  and  per- 
centage litter  cover  on  shale  disposal  piles  at  Anvil  Points, 
Colorado,  June,  1982. 


Annual  Plant  Density 


WEST  TRANSECT 

Replication 

hagJ 

KOSC  f 

€AL^ 

SAKA^ 

% 

Live  Cover 

% 
Litter  Cover 

1 

139 

9 

15 

2 

148 

4 

25 

3 

61 

8 

10 

4 

18 

2 

1 

Transect  Avg. 

5 

0 

75 
88.2 

0 

0 

7 
6.0 

2 

10.6 

CENTER  TRANSECT 

1 
2 
3 
4 

256 

148 

29 

0 

18 

4 
1 
.1 

15 

.5 
10 

1 

Transect  Avg. 

5 

0 

5 

87.6 

0 

0 

.2 

4.7 

3 

5.9 

EAST  TRANSECT 

1 
2 
3 
4 
5 

0 

5 

161 

78 

6 

0 
2 

21 

5 
.8 

5 

7 

8 

15 

8 

Transect  Avg. 

0 

~55oir 

0 

5.8 

8.6 

Area  Avg. 

0 

75.3 

0 

0 

5.5 

8.4 

Standard  Deviation 

21.9 

0.7 

2.3 

Present  on  shale  disposal  pile  but  not  encountered  along  transects 
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shale  were  collected  from  areas  with  live  cover  and  areas  void  of  cover. 
The  pH  of  the  shale  sample  with  living  cover  was  slightly  lower  than  the 
corresponding  bareground  sample.  A  similar  observation  was  made  with  re- 
spect to  EC.  The  EC  values  of  bareground  were  almost  triple  the  EC  of 
shale  samples  with  living  cover. 

Of  the  nine  elements  analyzed,  only  four  were  found  to  be  significantly 
different  between  the  two  shale  samples.  The  cadmium,  selenium  and  mag- 
nesium content  of  the  shale  areas  supporting  growth  was  higher  than  the  areas 
void  of  living  cover.  The  amount  of  calcium  was  the  only  elenent  found  in 
significantly  higher  amounts  in  the  areas  with  living  cover. 


Figure  7.1-2.  Center  transect  on  shale  disposal  pile  at  Anvil  Points,  Colo- 
rado. 
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Figure  7.1-3.     East  transect  on  shale  disposal    pile  at  Anvil  Points,  Colorado, 
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7.1.4.2  Root  Growth  1n  Processed  Shale.  During  excavations  for  soil 
analysis  in  processed  shale,  rhizomes  and  smaller  roots  of  Agropyron  smith ii 
were  noted  growing  in  shale  material  adjacent  to  the  soil  filled  trench. 
Also,  shrub  roots  were  observed  growing  throughout  the  soil  trench  profile 
and  in  the  underlying  processed  shale  material .  No  gross  morphological  dif- 
ferences were  observed  between  roots  growing  in  soil  trench  topsoil  and 
the  underlying  shale  material.  Photographs  of  the  rhizome,  small  roots  and 
shrub  roots  are  shown  in  Figures  7.1-4  and  7.1-5. 


PH^^?'^ 


Figure  7.1-4.  Roots  of  Western  wheatgrass  growing  in  processed  oil  shale  at 
Anvil  Points,  Colorado. 
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r: 


Figure  7.1-5.  Western  wheatgrass  spreading  from  soil  filled  trench  into 
processed  shale  at  Anvil  Points,  Colorado. 


7.1.4.3  Migration  of  Salts.  Studies  initiated  in  1979  at  Anvil  Points 
included  a  topsoil  filled  trench  in  a  shale  disposal  pile.  The  survival  of 
transplants  in  the  soil  trenches  has  been  monitored  since  1979.  Beginning 
in  1981,  soil  samples  were  collected  from  various  depths  in  the  soil  trench 
and  adjacent  shale  and  analyzed.  The  1981  analyses  were  repeated  in  1982. 
The  results  are  reported  in  Table  7.1-3.  Some  overall  trends  observed  in 
1981  were  again  evident  in  1982.  The  pH,  EC,  amount  of  sodium  (Na)  and 
arsenic  (As)  wsre  found  to  be  higher  in  the  shale  samples.  The  amount  of  Ca 
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in  the  shale  samples  was  lower  than  the  soil  samples  in  1982,  a  relationship 
that  was  just  the  reverse  in  1981.  Sulfate  which  was  first  sampled  in  1982 
was  found  to  be  higher  at  the  shale  surface  than  at  the  60  cm  depth. 

Table  7.1-4  compares  the  soil/shale  analyses  of  1981  and  1982.  The 
pH  of  the  shale  surface  decreased  from  1981  to  1982,  although  not  signifi- 
cantly. However,  there  was  a  slight  increase  at  all  other  levels.  The  only 
significant  increase  was  in  the  shale  at  60  cm.  A  similar  trend  was  found 
for  EC. 

There  was  a  slight  increase  of  Na  content  at  the  shale  surface  and  at 
the  15  cm,  30  cm,  45  cm  and  60  cm  depths.  Only  at  the  soil  surface  was  Na 
found  in  lower  amounts  than  in  1981,  which  may  be  attributable,  in  part,  to 
a  decrease  in  evaporation  due  to  vegetation  cover.  None  of  the  differences 
were  significant  at  the  a=0.05  level. 

Calcium,  on  the  other  hand,  decreased  at  all  levels,  however,  only  sig- 
nificantly in  the  three  shale  samples  (surface,  15  cm  and  60  cm).  Magnesium 
decreased  from  1981  to  1982  at  the  15  cm  shale  depth,  at  the  15  cm  soil  depth, 
and  in  the  shale  below  the  topsoil  trench  (60  cm). 

Of  the  other  elements  analyzed,  only  As  was  found  to  have  changed 
from  1981.  No  statistical  tests  were  run  because  of  the  detection  levels 
for  As  set  in  the  1981  soil  analyses.  Lower  concentrations  were  found  at 
the  shale  surface  and  higher  ones  at  the  60  cm  shale  depth.  Year  to  year 
comparisons  for  other  elements  was  also  hindered  by  detection  levels  used  in 
1981. 

Although  the  data  are  still  inadequate  to  statistically  validate  any 
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trend,  a  few  observations  of  the  data  can  be  made.  It  can  be  seen  that  salts 
primarily  Na,  are  accumulating  in  the  soil  filled  trench  (Table  7.1-4).  The 
pH  of  the  topsoil  has  increased,  but  only  slightly  since  1981.  The  EC  values 
reported  for  1982  also  show  an  increase,  but  again,  the  trend  is  only  slightly 
distinguishable.  To  date,  the  pH  and  EC  levels  have  not  reached  or  exceeded 
deleterious  levels  that  have  been  previously  observed  for  the  halophytic 
plants  used  in  this  study. 

7.1.4.4  Plant  Establishment  Studies.  Studies  have  been  conducted  since 
early  1976  to  evaluate  various  techniques  that  can  be  used  to  establish 
plants  in  oil  shale  disposal  areas.  The  information  collected  in  1982  from 
each  study  area  includes  height,  cover,  and  survival  of  each  planting  and  the 
elemental  analysis  of  selected  plant  tissue  samples. 

A.  Evaluation  of  Plantings  at  Anvil  Points,  Colorado.  The  six  dif- 
ferent plantings  on  the  shale  disposal  pile  at  Anvil  Points  were  evaluated 
in  June  and  October  of  1982.  The  height  and  cover  of  each  living  plant  was 
recorded  (Tables  7.1-5  to  7.1-8).  Mortality  in  addition  to  previous  obser- 
vations was  also  noted.  Two  fourwing  saltbush  plants  were  lost  during  the 
1981  growing  season.  One  was  lost  in  the  basin  planting  and  one  in  the  soil/ 
shale  microenvironment  study.  Three  other  species  suffered  a  single  loss, 
cuneate  saltbush  in  the  south  trench,  seepweed  in  the  north  trench,  and 
greasewood  in  the  basin  plantings.  The  average  height,  cover  and  percent 
survival  of  the  plantings  at  each  study  site  is  given  in  Table  7.1-9.  In 
the  soil  trench  plantings,  fourwing  saltbush,  western  wheatgrass  and  grease- 
wood  show  100%  survival.  Shadscale  and  cuneate  saltbush  had  a  single 
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Table  7.1-7. 


Height  and  cover  fcr  plantings  for  the  Soil -Shale  Micro- 
Environment  Study  -  Anvil  Points,  Colorado,  June  1982. 


Replication 


Fourwing 
Saltbush 
1 


Shadscale 
2 


Height  (cm) 

Cuneate 
Saltbush 
3 

Western 
Wheatgrass 
4 

Mat 
Saltbush 
5 

I 

68 

19 

13 

25 

12 

II 

M 

22 

14 

35 

14 

III 

47 

23 

16 

23 

8 

IV 

M 

21 

19 

20 

11 

V 

44 

19 

18 

23 

M 

Average 

53.0 

20.8 

16.0 

25.2 

11.3 

Standard 

Deviation 

13.1 

1.8 

2.5 

5.8 

2.5 

25 

Cove 

r  {%) 

1 

I 

9 

2 

8 

II 

M 

6 

8 

5 

9 

III 

8 

8 

26 

1 

2 

IV 

M 

6 

31 

1 

5 

V 

13 

6 

25 

1 

M 

Average 

15.0 

7.0 

18.4 

1.8 

6.0 

Standard 

Deviation 

9.2 

1.4 

■ 

12.6 

1.8 

3.2 

M  -  plant  mortality 


7-25 


esj 
eo 
9> 


o 


o. 

c 
o 


0) 


Mf 

*-  in 

01   3 

eo 

e^ 

« 

•o  <J 

n  o» 

r-* 

fvj 

L.  r— 

^^ 

^^ 

(O    lO 

O  oo 

£ 

trt 

3 

a>  i~ 

00    0) 

£ 

z 

Ol 

<o 

00 

1     0) 

■o  — 

lO    'O 

CO 

CO 

£  u 

^ 

^ 

CO  m 

a< 

C    0) 

<o  i. 

■»-  *J 

L.     1 

0)  *J 

r* 

^ 

^  — 

•»-    (Q 

OO  l/l 

o>^ 

C    Ul 

•»-    3 

^*. 

o 

25 

CO  ^r  «• 

C\J 

o 

3  t— 

.—          CM 

O   <« 

U.  i>0 

tt)  -o 

ID 

CM 

en   o 

Ol 

<a  o 

vo  ^-  ro  CO 

^ 

to 

4,    J 

f—        .—  t— 

^■ 

C^ 

TT 

<U    3 

0) 

C  ^ 

^  CM 

fn 

^^ 

•O  •u 

^_ 

1.  .— 

(O    lO 

O  oo 

^ 

l/» 

3 

a>  i. 

—  ja 

CO    01 

^ 

z 

Ol 

fO 

l/l 

1    ^ 

1^ 

»a- 

^ 

CVJ 

CM 

ss 

T  «- 

*Y 

5*^ 

tr> 

lT) 

'^':; 

V/l 

en^ 

c  </> 

CO 

O 

•»-    3 

, 

25 

«•  T^  0> 

CO 

'»' 

r^  csj  ir> 

to 

(M 

3  — 

O    "O 

U.  t/1 

1 

to 

<«  "O 

u 

, 

. 

■o  o 

csj  ^  r>^  to 

a» 

VO 

a;  o 

to  t—  CM  CM 

CM 

s-  X 

« 

c 

o 

•^ 

c 

«> 

-o  o 

<a 

91 

t.  — 

u 

taM     i»i     i— •     ^ 

o> 

<o  -w 

•^ 

*4     MM     •— ■ 

lO 

"O    « 

pa* 

^^ 

i. 

c  ••- 

a 

01 

TJ    > 

<S 

> 

00  o 

; 

- 

- 

- 

to 

00 

« 

• 

VO  —  <T>  Z  VO  Z 

lO 

00 

CVJ  f—  f— 

'" 

r^ 

^ 

01                         Ol 

. 

«r  TT  .—  CM  VO  CO 

VO 

'S- 

IT) 

CM 

41 

• 

S  r^  Z  O 

CO 

<Tl 

csi 

«M 

<M 

^ 

TJ- 

CO 

o 

01 

cyi  tT>  o  X  ui  z 

o 

«a- 

<o  «s-  en       CO 

to 

CM 

o 

V 

01                «    0) 

W  O  to  CO  CM  CO 

r^ 

r— 

t—  CM  CO  r-  CO  «»• 

CSJ 

^ 

c 

■a  o 

0) 

t.  -f- 

BM  ■_■  BM  >  >  » 

o» 

lO  'U 

U  ■— 1  »>            > 

<o 

•O    ifl 

MM 

w 

c  -^ 

01 

lO    > 

> 

•kJ    0) 

c 

Q. 


o  <o  c 

1/1    4->     IQ 

I.  f— 
coo. 


X    C 

p  >e    I 


u  z  ^ 


7-26 


CM 
CO 

I 


2 

o 


(/) 


«£ 


> 
c 

4-> 

I/) 
en 


CM 

00 


s« 

00 

» ' 

en 

' — 

(O 

> 

•r— 

o 

> 

00 

S. 

<Ti 

3 

r— 

C>0 

CT> 

r>^ 

en 

O  O  o  o  o  r>.  o 
O   00   00   O   O   VO   VO 


O  o  o  o  o  r-.  o 
O   CO   O   O   O   lO   li) 


O   O  O   O   O  1^  o 
O   CTi   O   O   O   VO   VO 


o  o  o  o  o  r>.  o 

O   O   O   O   O   U3   00 


CM 

00 


00 

en 


o 

00 

en 


<n 


o  o  o  o  o  o  o 
o  <n  en  o  o  in  CM 


o  o  o  o  o  o  o 
o  <n  en  o  o  LD  *^ 


o  o  o  o  o  o  o 
o  en  en  o  o  IT)  «:r 


o  o  o  o  o 
o  o  o  o  o 


o  o 
in  o 


"a. 


> 


> 


■o 

c 

«D 

S. 

> 
o 
u 


0) 


<a 


to 


I 


&« 

CM 

> ' 

00 

yo 

ro 

^ 

ro 

o 

00 

ro 

CTi 

CM 

CM 

CM 

ro 

s- 

OJ 

> 

o 

o 

^— 

00 

o 

f^ 

CM 

CM 

o 

1 — 

CM 

en 

CM 

r— 

^— 

CM 

r^ 

-M 

r— 

c 

(O 

^^ 

Ou 

o 

00 

in 

r— 

rr> 

^- 

in 

«d- 

r^ 

• 

en 

O) 

r— 

> 

<: 

CM 

00 

CO 

ro 

en 

r>^ 

^ 

^ 

CO 

to 

-^'— V 

en 

vo 

r— 

CM 

CM 

r^ 

«^ 

CM 

C31 

E 

^» 

c 

o 

•  ^ 

*-i  ,— 

-(-> 

c 

-M 

r— 

to 

-C 

00 

(£> 

in 

CM 

in 

CO 

'S- 

"i^ 

T— 

cn 

en 

LO 

^— 

CM 

r^ 

«^ 

ro 

CM 

Q- 

O) 

•" 

JC 

.c 

u 

c 

o 

0) 

+J 

CO 

<£) 

en 

CO 

en 

V£> 

en 

ro 

&- 

c 

en 

cn 

r^ 

n 

CM 

t— 

fO 

' 

J= 

cl 

■«-> 

=5 

• 

en 

o 

Ol 

r^ 

p>. 

VO 

in 

CM 

in 

o 

r^ 

I/) 

> 
< 

en 

CM 

■" 

CM 

CM 

ro 

•" 

to 

cni 

c 

4-> 

C 
03 


CM 

00 


00 

en 


o 

CO 

en 


CM 

CO 

en 


CO 

en 


o 

00 

en 


en 
en 


o^  ^"  ro  f—     ^^  o^  ro 
I—       CM   CM   CM 


I—  ^  en  ^  00  r^  I— 


CM   I—   ro   I—   «;J-   CM   1 — 


ro 


in  I— 

I—   CM 


CM 

ro 


^£3 


o 


in  lo  r-^  in  in  ro  ^ 
in  1 —  I—  I —  in  ro  CM 


o  en  o  o  ro  vD  uD 
ro      I—  r—  ro  r—  I— 


«^  r^  O  ^  I—   V£)   U3 

CM        1—   CM   CM   r—   r— 


ta 


D. 

(/> 

d 

o 

Z3 

s: 

UJ 

cc 

in 

o 

<_) 

c_> 

oo 

> 

Q. 

h- 

^— 

1— 

o 

<x 

O 

ID 

<: 

•a: 

«a: 

< 

Ul 

:^ 

CO 

in 


ct  o  r3  ^  Lij  q: 

<_)  O  C_)  OO  >■  Ci. 

I—  I—  »—  c:3  cC  o  :r> 

•a:  <:  <t  «a:  oo  i^  oo 


7-27 


CM 

00 


O      O  o  O   O 
00   O   V£)  00  CO 


00 

en 


o  o  o  o  o  o 

O   00   O   O   O   VO 


00 


o 

00 


2  ^  *5  o  o  o 

O   O   <X>   00   O   CSJ 


O  O  O  O  o  o 
O   CM   00   00  o   ^ 


> 

•r- 

> 

ZJ 

I/) 


00 


o 

00 


o  o  o  o  o  o 

O   00   O   O   O   <X) 


o  o  o  o  o  o 
o  o  o  o  o  <x> 


O  O  O  O  o  o 
O  O  O  O  o  o 


en 
en 


o  o  o  o  o  o 
o  o  o  c  o  o 


CM 
00 

en 


00 


O  ro  O 

f^   LO   CM 
>—        CM 


CM 

00 

en 


en  LO  I —     1 —  en 

I—        CM   r>»   r— 


00 


o 

00 

en 


CM 


""^   CM   1 —   CM 
r—   CM 


LT)   t —   CM    r —  C<)       C>^ 


&- 

CO 

a; 

en 

> 

r— 

o 

C_> 

o 

CO 

en 

CM  CM  <y>  »—  to  un 


CM   I—   CM   .—   CM   I — 


CM 
00 

en 


o 

CM 


VO   r— 


CM 

00 

ro 

"53- 

00 

CO 

en 

o 

en 

vo 

1 — 

CM 

CM 

"^ 

'd- 

00 
</l  (Ti 
Ol  I— 


c 
o 
e_> 


I 


c 

Q. 

c 
to 


O 

00 

en 


en 
en 


n 

^ 


CO 


CM 


ro   o  I — 


en  CM 


ir>  cTi 


ro  en 

CM   CM 


ro 


CO   00   f— 

CM  I—  ro 


(/I 

c: 

■M 
■l-J 


, — s 

CO 

o 

r^ 

r— 

CM 

O 

t^ 

E 

en 

<x> 

r— 

CM 

ro 

^ 

CM 

O 

■" 

4-> 

o 

CD 

CO 

v£> 

en 

UO 

CO 

CTi 

ro 

•1— 

<n 

ro 

1— 

CM 

CM 

CM 

(U 

r— 

en 
en 


00  CO 
CM 


ro  o  CO 

I—   CM   I— 


IN. 


«a: 

O 

r3 

?■ 

LU 

q: 

t_) 

C_J 

o 

oo 

>• 

Q. 

1— 

1— 

I— 

C3 

<x 

ro 

et 

<: 

<t 

<c 

oo 

iii 

cc  o  rD 

O   O   C_J 

I—  I—  I— 


s:  LU  o: 

t/O  >  Q. 

CD  «3:  o 

cc  «a:  oo  ixi 


7-28 


CM 
CTv 


O   O   O       O   O 
O   O   O   O   O   O 


CM 
CO 
C3^ 


o  o  o 

LO  o  o 


CM 
00 
CTi 


o  o  o  o  o 

VO   O   O   O   00 


CO 
CT> 


o  o  o     o  o 
o  o  o  o  o  o 


00 
CTt 


r^  o  o  o 

VO   UI   o   O 


CO 

cr> 


o  o  o  o  o 

00   O   O   O   CO 


o 

00 

en 


o  o  o  o  o  o 
o  o  o  o  o  o 


CT> 


o  o  o  o  o  o 
o  o  o  o  o  o 


o 

00 

r>» 

IT) 

o 

o 

o 

CO 

<T> 

VO 

r^ 

o 

o 

CTi 

*" 

' 

•"■ 

^ 

m 

a\ 

f->. 

ro 

Ln 

o 

o 

r>. 

CT> 

00 

r^ 

o 

o 

cr> 

■" 

o  o  o  o  o 
o  o  o  o  o 


o  o  o  o  o 
o  o  o  o  o 


00 

cy> 


CO  ro  I— 


CM   CM 


CM 

00 


Ln  VO  r^  1 — 


CM 

00 
CTi 


ID  r^  CO  CM  VO 


CO 


ID 


^  s:  LD 


LD      ,_ 
CO 


00  CM  ro  r— 


00 

cr> 


VO   CM   O   r-   CM 


o 

C_5 


CTi 
r 


^.i^^ 

o 

>v 

CD 

S 

OJ 

CO 

CM 

CM 

^_ 

_ 

■o 

CO 

- — » 

00 

CM 

CM 

CM 

CM 

CM 

o 

o 

(T> 

V 

3 

<T> 

q; 

cr> 

c 

-M 

1 — 

o 

r— 

(U 

OO 

c 

u. 

<u 

<•-> 

u_ 

4_> 

0) 

+J 

13 

CM 

E 

CM 

I/) 

CM 

o 

00 

_ 

«a- 

r>^ 

CM 

c 

00 

fO 

CO 

CO 

"d- 

CO 

O 

lD 

on 

cr> 

VO 

CM 

r^ 

o 

CTi 

UJ 

(T> 

LD 

CM 

■" 

S 

n 

i~ 

' 

>» 

>> 

> 

T3 

3 

,.^ 

0) 

^- 

3 

^■^ 

4^ 

CO 

CO 

CM 

^ 

(Ti 

o 

00 

-t-> 

00 

^ 

r«» 

00 

VO 

r^ 

(/I 

CT> 

<sa- 

CM 

CO 

s_ 

CJ^ 

OO 

C3^ 

CO 

•" 

^ 

CM 

c 

o 

•" 

c 

o 

iE 

o 

•r— 

•>— 

^-> 

o 

(U 

S 

-(-J 

O 

rO 

00 

00 

CO 

ro 

o 

^i— 

CO 

?* 

CO 

CM 

VO 

o 

^ 

CTi 

«* 

i_ 

0~i 

ro 

CM 

oo 

rT3 

CTi 

i~ 

(T> 

CO 

r— 

1 — 

C\J 

CM 

1 — 

4-> 

^ 

1— 

•M 

r— 

1/1 

C>0 

c 
o 

1 

o 

E 

o^ 

•r- 

CT> 

E 

CTi 

CO 

«a- 

r^ 

ID 

CM 

LD 

Q 

CTi 

O 

CO 

LD 

CM 

CO 

CM 

O 
C/1 

r^ 
o^ 

o 

CT^ 

CM 

'"" 

' 

CM 

'~~ 

' 

CM   I—   CM   I—   r- 


ro  I —  VO  ID 

LD   CM   r—   CM 


CM 

CM 

o 

ID 

ID 

>,   OI 

«i- 

CM 

rtalit 
lantin 

'^ 

O 

CO 

CTi 

00 

O    Q. 

CO 

lant  m 
-  no 

«:f 

VO 

o 

VO 

CO 

Q.^ 

CM 

*" 

•~ 

1      (O 

S  JD 


ns 


cC   O   <  or 
<J   <_3   c3   I— 

f-  I—  I—  ca; 


OO 


<C  O  LlJ 

(_>  C_J  > 

I—  I—  <a: 

<:  «i  oo 


<C   O   =3 

(—  I—  t— 
et  o:  <c 


z:  o 
oo  o 


7-29 


mortality  in  the  north  trench  and  two  mortalities  in  the  south  trench.. 
Prostrate  kochia  and  seepweed  have  suffered  the  greatest  overall  mortality 
in  the  two  soil  trenches,  67%  and  60%  respectively  in  the  south  trench  and 
50%  and  20%,  respectively  in  the  north  trench. 

The  basin  plantings  show  the  highest  mortality  of  the  different  estab- 
lishment techniques  tested  on  the  Anvil  Points  shale  disposal  site.  Four- 
wing  saltbush,  western  wheatgrass  and  greasewood  have  the  highest  percentage 
survival  (80%),  cuneate  saltbush  has  60%  survival,  and  shadscale  and  prostrate 
kochia  0%  survival. 

The  flat  plantings  and  demonstration  study  area  along  the  east  fence 
have  not  changed  since  1981.  Both  show  high  survival  rates  for  all  species 
except  big  sagebrush  (0%)  along  the  east  fence  and  prostrate  kochia  (60%) 
in  the  flat  plantings. 

The  survival  of  species  planted  along  the  south  fence  as  part  of  the 
demonstration  study  did  not  change  from  the  1981  results.  Along  the  south 
fence  greasewood  and  Siberian  salt-tree  show  the  best  survival  (100%)  and 
fourwing  saltbush  and  shadscale  the  worst  (67%,  50%,  respectively).  The 
soil /shale  microenvironment  plantings  experienced  a  single  loss  of  fourwing 
saltbush.  Shadscale,  cuneate  saltbush  and  western  wheatgrass  still  show  lOff/^ 
survival  and  mat  saltbush  80%. 

A  summary  of  the  data  collected  on  the  plantings  at  Anvil  Points  since 
1979  is  presented  in  Table  7.1-10.  Several  species  have  shown  remarkable 
survival  and  growth  under  the  various  treatments  of  the  species  (Figures  7.1- 
6  and  7.1-7).  Fourwing  saltbush,  cuneate  saltbush,  western  wheatgrass  and 
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Table  7.1-lQ. 


Summary  of  growth  of  plantings  at  Anvil   Points,  Colorado, 
1979-1982.   Numbers  followed  by  different  letters  are  signifi 
cantly  different  at  a  ^  .05  as  tested  by  ANOVA  and  Student 
Newman  Keuls  (SNK)  mean  separation  test. 


Comparison  of  Average 

Height  (cm)  and  Cover  of  Plantings 

in  South  Trench 


1979 


1980 


1981 


1982 


F  ratio 


Fourwing 
Saltbush 

HT 
CVR 

26.7^ 

35.6^ 
5.4^ 

56.3^ 
20.  Ob 

66.6^ 
25.1b 

16.50** 
6.88** 

Shadscale 

HT 
CVR 

5.8^ 

9.1^^ 
0.8^ 

13.8^ 
1.4^ 

3.0^ 

6.65** 
8.39** 

Cuneate 
Saltbush 

HT 
CVR 

14.6^ 

18.0^^ 
2.86^ 

22.2^^ 
11.6^ 

27.5^ 
20.8^ 

6.27** 
66.50** 

Western 
Wheatgrass 

HT 

CVR 

22.3^ 

18.8^^ 
0.8^ 

15.0^ 
5.7^ 

29.0^ 
17.9^ 

16.20** 

10.20** 

Greasewood 

HT 
CVR 

24.6^ 

35.9^ 
4.7^ 

62.7^ 
19.9^ 

71.0^ 
32. r 

18.30** 
16.30** 

Prostrate 
Koch  i  a 

HT 
CVR 

29.8^ 

19.5^ 
3.5^ 

34. of 
12.7^ 

36. of 
16.3^ 

1.29"^ 
l.OO"^ 

Seepweed 

HT 
CVR 

17.3^ 

19. 5^ 
1.0^ 

24.  of 
1.8^ 

30.3^ 
2.0^ 

3.51** 
1.41"' 

**  F- ratio  sinnificant  at  a    <  .01 
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Table  7.1   -10.  (Cont.) 


Comparison  of 
Average  Height  (cm)  and  Cover 
of  Plantings 

in 
North  Trench 


Fourwing 
Saltbush 

HT 
CVR 

Shadscale 

HT 
CVR 

Cuneate 
Saltbush 

HT 
CVR 

Western 
Wheatgrass 

HT 
CVR 

Greasewood 

HT 
CVR 

Prostrate 
Kochia 

HT 
CVR 

Seepweed 

HT 
CVR 

1979 
24.1' 


7.5* 


10.3* 


23.7' 


21.0' 


14.8 


16.3* 


ab 


1980 

29.9^ 
2.4^ 

9.4^ 
0.7^ 


9.8 
2.5 

19.9 


2.5^ 
ab 


0.7* 


33.  r 

4.3* 

16.0 
1.9' 

16.0* 
0.9 


ab 


1981 


54.7 
10.7^ 

16.4^ 
1.5^ 


16 
8.9^ 

15. OJ 
7.0' 

55. 3^ 
18.4"^ 

32.5 
7.5* 

23.5^ 
1.0 


,ab 


be 


1982 

60. 8f 
14.4'^ 

15.7^ 

18.4^ 
23.9^ 

33.0^ 
17.7^ 

75.8^ 
27.0^ 

38.0^ 
7.3^ 

30.0^ 
1.5 


F  ratio 

18.79** 
10.92** 

8.53** 
13.80** 

9.25** 
26.60** 

27.70** 
49.20** 

27.60** 
35.50** 

3.36* 
1.24"' 

1.22* 
0.65"' 
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Table  7.1  -la  (Cont.) 


Comparison  of 
Average  Height  (cm)  of 
Flat  Plantings 


1979 

1980 

1981 

1982 

F  ratio 

Fourwing 
Saltbush 

HT 
CVR 

27.8^ 

36.  ef 
2.3^ 

60.0^ 
11.6^ 

63.6^^ 
14.4'' 

5.41** 
4.72** 

Shadscale 

HT 
CVR 

7.6^ 

9.2^ 
0.9^ 

1.3^'' 

12.0^ 
4.0^ 

.45^^ 
3.10** 

Cuneate 
Saltbush 

HT 
CVR 

12.8^ 

15.2^^ 
1.8^ 

20.6^ 
8.6^ 

27. 8^ 
18.0^^ 

8.95** 
7.58** 

Western 
Wheatgrass 

HT 
CVT 

19.6^ 

28.2^ 
0.5^ 

32.2^u 
1.2^^^ 

33.4^ 

5.06** 
3.43** 

Greasewood 

HT 
CVR 

18.0^ 

28.4^^ 
1.9^ 

4.6^'^ 

43.8^ 
10. 4^^ 

3.43** 
4.43** 

Seepweed 

HT 
CVR 

17.4^ 

14.0^ 
0.8^ 

16. 2f 
2.8^ 

23. Sf 
4.8^ 

•37;;' 

1.59^^ 
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Table  7.1   -10. (Cont.) 


Comparison  of 
Average  Height  (cm)   and  Cover 
of 
Basin  Plantings 


1979  1980  1981  1982           F  ratio 

Fourwing           HT  27.2^  33.8?  63.0^.  65.0^  15.53** 

Saltbush           CVR  —  4.6^  19.0^°  41.4°  3.32** 

Shadscale        HT  5.2^  1.8^  0^  o''  6.20** 

CVR  —  .2  0  0  l.OO"^ 

Cuneate            HT  9.0  9.6^  7.8^  4.8^               .43"^ 

Saltbush           CVR  —  3.6^  3.0^  5.0^               .10 

Western             HT  22.0  18.8^  40. 2^  40.6^  2.05^^ 

Wheatgrass       CVR  —  .4^  1.5^  4.0  5.88** 

Greasewood       HT  18.2^  23.4^*^  47.0^^  56.2^  6.49** 

CVR  —  2.7^  11.3^°  17.2°  4.85** 

Seepweed          HT  31.2  14. of  9.0^  8.2?  l.Gs"^ 

CVR  —  1.1^  4.4^  .8^               .58 
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Figure  7.1-6. 


South  soil   trench  plantings  at  Anvil   Points,  Colorado, 
taken  October  1982. 


Photo 
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Figure  7.1-7.     South  soil   trench  plantings  at  Anvil   Points,   Colorado.     Photo 
taken  October  1982. 
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greasewood  have  shown  the  best  survival  and  growth  of  the  species  used  in 
the  several  different  studies  conducted  at  Anvil  Points.  Other  species 
such  as  Siberian  salt-tree  and  gardner's  saltbush  have  shown  good  survival, 
but  have  not  been  tested  as  extensively  as  the  other  species.  Big  sage- 
brush and  seepweed  have  shown  the  poorest  survival. 

B.  Elemental  Analysis  of  Plants  Grown  on  the  Shale  Disposal  Pile  at 
Anvil  Points.  Plant  tissue  samples  from  Anvil  Points  were  analyzed  for  their 
content  of  nine  potentially  toxic  elements:  arsenic,  As;  boron,  B; 
cadmium,  Cd;  calcium,  Ca;  magnesium,  Mg;  mercury,  Hg;  molybdenum,  f-to;  sodium, 
Na;  and  sulfur,  S  (Table  7.1-11).  The  tolerance  of  native  species  to  these 
elements  has  only  been  documented  on  specific  isolated  studies,  essentially 
not  applicable  to  this  situation.  For  these  reasons,  only  general  interpre- 
tations for  plant  growth  are  available. 

1.  Arsenic  Arsenic  is  ubiquitously  present  throughout  the  natural 
environment  in  trace  amounts  at  an  average  of  5  ug  g"  (ppm)  in  the  upper 
lithosphere.  In  soil  systems,  it  resembles  phosphorous,  commonly  found  as  a 
fixed  form  in  the  iron,  aluminum,  and  calcium  soil  fractions. 

Plants  or  processed  food  from  plants  rarely  contain  more  than  1  ppm 
arsenic.  The  roots  of  plants  are  severely  affected  by  arsenic  before  it 
accumulated  in  the  tops  to  any  extent.  Historically,  fruit  trees,  alfalfa, 
and  barley  have  only  experienced  problems  when  arsenic  levels  exceeded  2.0 
ppm.  No  data  present  in  the  literature  suggests  that  arsenic  levels  found 
in  the  plant  tissue  at  Anvil  Points  (0.7  ppm)  would  be  potentially  toxic  to 
plant  growth. 
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2.  Boron  In  plant  nutrition,  the  tolerance  range  between  deficiency 
and  toxicity  of  boron  for  plants  is  very  narrow.  Although  the  tolerance 
range  of  an  individual  plant  may  be  narrow,  the  amount  of  boron  required  by 
different  species  varies.  For  example,  a  particular  concentration  level  of 
boron  may  be  inadequate  for  one  species  and  toxic  for  another.  Because  of 
the  high  solubility  of  boron  in  the  soil,  the  concentration  of  boron  in  the 
saturation  extract  can  be  used  to  evaluate  its  toxicity  to  plants.  Poten- 
tially hazardous  levels  of  boron  in  plant  tissues  occupy  an  extremely  wide 
range.  In  the  intermountain  west,  5  ppm  boron  in  soils  is  the  accepted 
level  at  which  toxicity  may  occur.  Two  samples,  western  wheatgrass  and 
garder  saltbush,  in  the  flat  plantings  may  exhibit  boron  toxicity.  Exam- 
inations of  soil  levels  of  boron  near  these  two  locations  should  be  investi- 
gated further. 

3.  Calcium  Plants  that  are  able  to  grow  and  develop  on  calcareous 
soils  are  called  calcicoles.  The  species  tested  for  this  study  all  fall 
under  this  classification.  Tolerance  to  calcium  is  usually  discussed  in 
terms  of  a  species'  salt  tolerance.  The  stress  produced  in  the  plant  is 
usually  not  due  to  the  primary  calcium  stress,  but  to  the  secondary  stresses 
induced  by  the  calcium.  From  a  management  standpoint,  soil  mitigation  of 
any  calcium-related  problems  would  be  impractical,  thus  species  selection 
for  stress  tolerance  is  already  an  accepted  practice  in  this  program. 

4.  Cadmi um  The  cadmium  concentration  in  plants  is  usually  about  0.3 
ppm,  with  a  range  of  from  0.01  to  7  ppm  in  soils.  A  number  of  crop  plants 
have  been  shown  to  be  capable  of  accumulating  cadmium.  LeVitt  (1980)  quotes 
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the  minimum  toxic  levels  of  cadmium  for  Quercus  rubra  to  be  5-30  ppm 
(foliar  concentration).  Cadmium  toxicity  is  usually  assessed  by  its  capa- 
bility to  accumulate  in  the  soil -pi ant-animal -man  food  chain.  McBride  et  al., 
(1981)  found  the  maximum  quantity  of  cadmium  absorbed  in  soils  has  been  cor- 
related with  organic  matter  content  and  cation  exchange  capacity,  suggesting 

2+ 
that  Cd   ions  are  returned  by  ion  exchange  and  complexation.  He  also  states 

that  the  efficiency  of  cadmium  removal  from  the  soil  by  the  plants  varies 

widely  from  about  1  to  28%,  with  plants  grown  in  fine-textured  soils  having 

the  lowest  efficiencies  of  uptake.  This  knowledge  and  recognizing  the  chem- 

2+      2+  2+ 

ical  similarities  between  Cd   and  Ca   leads  us  to  the  belief  that  Cd 

toxicity  should  not  be  considered  a  significant  problem  at  this  level  of 

analyses. 

5.  Magnesium  Interpretations  for  magnesium  are  similar  to  those  for 
calcium,  being  primarily  expressed  as  salt  tolerance.     Magnesium  toxicity  to 
the  species  tested  has  not  been  cited  in  the  literature  as  a  focal   point  for 
growth -related  problems. 

6.  Mercury  Most  vascular  plants  are  highly  resistant  to  mercury.  Little 
is  known  regarding  the  toxicity  of  mercury  to  specific  species,  however,  the 
extremely  low  (5  parts  per  billion)  levels  found  in  the  analysis  of  Anvil 
Points  plant  tissues  provide  no  cause  for  any  hazards  to  be  suspected. 

7.  f^lybdenum    f-lolybdenum  is  an  essential   element  for  bacteria,  plants, 
and  animals.     It  is  required  for  nitrogen  fixation  by  Azotobactor  and  nitrate 
utilization  in  higher  plants.     Molybdenum  excess  or  toxicity  in  plants  is 
rarely,   if  ever,  observed  in  the  field.     Most  plants  appear  to  tolerate 
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relatively  high  tissue  concentrations  (375  ppm)  without  apparent  toxicity 
symptoms.     The  critical   level   for  molybdenum  deficiency  (0.5  ppm  or  lower) 
is  about  one  or  more  magnitudes  lower  than  the  critical   level  of  the  other 
trace  elements.     The  levels  of  molybenum  found  in  the  Anvil   Points  tissue 
analyses,  ranging  from  6  to  23  ppm  are  well  within  safe  ranges  for  plant  up- 
take. 

8.  Sodium     Plant  tissue  analysis  for  sodium  shows  total   percentages 
from  0.07  to  10.3.     All   of  the  species  analyzed  are  proven  halophytes,  or 
plants  which  can  grow  in  the  presence  of  high  concentrations  of  sodium  salts. 
Furthermore,  their  mechanisms  of  salt  tolerance  allow  large  accumulations  of 
sodium  within  plant  tissues.     LeVitt  (1980)  offers  an  extended  treatise  on 
the  mechanisms  of  sodium  resistance,  salt  tolerance,  and  acceptable  levels  of 
exchangeable  soil   sodium.     Visual   observations  of  healthy  stands  of  plants  at 
Anvil   Points  suggest  only  a  minor  potential   for  sodium  toxicity  existing  in 
the  form  of  soil   reserves.     No  major  hazards  exist  at  the  present  levels  of 
appraisal . 

9.  Sulfur    As  expected  levels  of  sulfur  existing  in  the  soil  primarily 

2- 
as  bound  SO-       ions,  complexed  with  sodium,  calcium,  and  to  a  lesser  extent 

magnesium  are  low.     Plant  tissue  levels  range  from  0.12  to  0.99  percent, 
falling  well   below  any  toxic  levels.     Additions  of  sulfur  would  prove  bene- 
ficial  to  the  soil  by  acidification,  yet  as  observed  above,  the  Anvil   Points 
plantings  are  vigorous  and  presently  in  no  need  of  costly  soil   ammendments. 
C.     Pilot  Model-Plant  Survival   and  Growth  on  Union  and  Paraho  Processed 
Shale.     Disposed  shale  from  two  processes,   Paraho  and  Union,  were  compared  in 
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the  pilot  model  with  plants  growing  in  a  topsoil  filled  trench  at  the  Section 
6  study  site.  In  the  fall  of  the  sixth  growing  season  (1982)  70%  of  the  spe- 
cies planted  were  still  surviving  in  the  portion  of  the  pilot  model  contain- 
ing the  Union  processed  shale  while  only  50%  were  surviving  in  the  Paraho 
processed  shale.  Percent  survival  of  each  species  in  the  pilot  model  con- 
taining the  Paraho  processed  shale  was:  fourwing  saltbush,  50%;  prostrate 
summer  cypress,  100%;  cuneate  saltbush  and  Russian  wildrye  grass,  50%;  and 
mat  saltbush,  0%.  Survival  for  the  Union  processed  shale  was:  fourwing 
saltbush,  cuneate  saltbush,  and  Russian  wildrye,  100%;  prostrate  summer 
cypress,  50%;  and  mat  saltbush,  0%.  Data  on  survival  since  planting  are 
shown  in  Table  7.1-12. 

7.1.4.5  Microbiology  and  Stabilization  of  Topsoil  Storage  Pile. 

A.  Microbiology  of  Stockpiled  Topsoil.  Long-term  stockpiling  can  re- 
duce microbial  activities  in  topsoils  making  them  less  suitable  as  plant 
growth  media  (Rives  et  a]_. ,  1980;  Williams  et  aX- ,  1981).  Many  soil  micro- 
organisms are  directly  or  indirectly  dependent  on  living  plants  for  their 
existence,  and  the  absence  of  plant  roots  in  much  of  the  stored  soil  is 
partly  responsible  for  the  loss  of  these  organisms.  Soil  microbial  popula- 
tions in  stockpiles  could  be  maintained  to  some  extent  by  minimizing  the  dur- 
ation of  storage,  and/or  by  establishing  and  maintaining  appropriate  plant 
cover  on  the  storage  piles.  Therefore,  seeding  of  soil  stockpiles  is  not  only 
valuable  for  erosion  control  and  stockpile  stabilization,  but  also  for  the 
maintainance  of  important  soil  biological  characteristics.  The  purpose  of 
this  study  was  to  evaluate  the  effect  of  seeding  on  the  microbiological 
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activity  of  stockpiled  topsoil  after  one  year  of  storage. 

An  experimental  stockpile  was  formed  at  the  Section  6  site  in  October  of 
1981.     The  pile  was  seeded  as  described  in  part  B  of  this  section.     In  Octo- 
ber of  1982,  the  stockpile  was  sampled  by  drilling  three  2  m  deep  cores  on 
each  half  of  the  pile.     Half  liter  soil   samples  were  collected  at  each  of 
three  depths  (0-30  cm,  60-90  cm,  and  180-210  cm),  for  a  total  of  18  samples 
from  the  pile.     Three     randomly  placed  cores  were  taken  on  adjacent  undisturbed 
soil  within  50  m  of  the  pile.     Samples  were  evaluated  for  total  organic  carbon, 
total  bacteria,  total   fungal   hyphae  length,   respiratory  activity,  dehydro- 
genase activity,  pH,  electrical   conductivity  and  percent  moisture  using 
methods  described  in  the  Environmental   ftonitoring  Manual. 

Populations  of  vesicular  arbuscular  mycorrhizal   (VAM)   fungi,  important 
microbial     symbionts  of  most  arid  land  shrubs,  were  determined  by  a  most-prob- 
able-number (MPN)  bioassay  (Seligman  and  Michey,   1964;   Parter,  1979;  Moorman 
and  Reeves,   1979).     This  assay  incorporated  a  five-fold  dilution  series  with 
five  replications  per  treatment,  for  a  total  of  625  individual   replications. 

Infectivity  of  the  soils  was  judged  by  microscopic  examination  of  Mel i lotus 

3 

officinalis  roots  which  were  grown  for  12  weeks   in  diluted  soils  in  50  cm 

D 

Leach  Tubes     in  the  greenhouse.     Plants  were  fertilized  twice  at  one-month 
intervals  with  half-strength  Hoagland's  solution  with  tenth-strength  phosphate. 
They  were  watered  as  needed.  This  method  yields  a  quantitative  index  of  the 
number  of  VA  niycorrhizal   propagules  per  g  of  soil.     Results  of  all   tests  were 
subjected  to  one-way  analysis  of  variance  (with  seeding  treatment  and  sample 
depth  as  the  independent  variables)     and  to  Pearson  correlation  analysis 
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between  all  possible  pairs  of  factors. 

Chemical  and  physical  properties  of  the  soil  samples  are  shown  in  Table 
7.1-13.  Soil  moisture  levels  in  the  stockpile  were  comparable  to  those  in 
surrounding  undisturbed  soils,  and  were  certainly  capable  of  supporting  micro- 
bial activity  at  the  time  of  sampling.  Recent  rains  had  wet  the  pile  to  a 
depth  of  about  35  cm.  Percent  soil  moisture  was  thus  negatively  correlated 
with  depth  in  the  stockpile  (Table  7.1-14).  Soil  pH  did  not  vary  substan- 
tially throughout  the  pile,  nor  was  pH  significantly  correlated  with  any  bio- 
logical parameter.  The  pH  was  negatively  correlated  with  electrical  conduc- 
tivity (EC)  as  it  was  in  the  1981  WRS  Soil  Microbiology  Monitoring  Study.  It 
is  not  clear  why  this  is  so.  EC  was  significantly  lower  in  the  surface  soils 
of  the  pile  than  in  the  deeper  layers  (Table  7.1-15),  probably  due  to  leaching 
of  mineral  salts  by  rainfall  percolations  (Gee  and  Bauer,  1976). 

Soil  biological  properties  of  the  stockpile  are  summarized  in  Table  7.1- 
15.  Results  of  correlation  analysis  are  given  in  Table  7.1-14.  Dehydrogenase 
activity  (an  indicator  of  overall  biological  activity)  was  lower  at  greater 
depths  in  the  pile,  probably  due  to  the  relatively  limited  availability  of 
oxygen  and  water.  Dehydrogenase  activity  was  negatively  correlated  with  elec- 
trical conductivity  (Table  7.1-14),  indicating  either  that  soil  solution 
salts  were  inhibiting  microbial  activity,  or  that  both  EC  and  microbial  activ- 
ity were  independently  influenced  by  a  third  factor,  e.g.,  water  content.  De- 
hydrogenase activities  were  higher  in  samples  with  high  bacteria  counts,  but 
this  relationship  was  not  significant  at  o  £  .05  level.  There  were  no  large 
differences  in  activity  between  seeded  and  unseeded  halves  of  the  pile.   In 
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Table  7.1-15.  Influence  of  sample  depth  and  location  (east  vs.  west)  on 

characteristics  of  stockpiled  topsoil.  Only  those  relation- 
ships for  which  o  <.  .05  are  shown. 


Characteristics 


Variable 


Treatment     X  t  S 


Electrical  Conductivity 
(mmhos/cm) 


Depth 


0-30  cm 
60-90  cm 
180-210  cm 


0.37  -  .06 
0.50  ^  .15 
0.57  -   .12 


Soil  Moisture  (%) 


Depth 


0-30  cm 
60-90  cm 
180-210  cm 


11.20  I  .40 
4.70  -  .82 
6.68  ±2.11 


Dehydrogenase  activity 
(mg  formazan/L) 


Depth 


0-30  cm 
60-90  cm 
180-210  cm 


4.41  ^  .92 
4.67  *1.31 
2.59  ^1.77 


Respiration 
(10-4  meq  C02/g  '   hr) 


Seeded  vs  Non-seeded 


non-seeded 
seeded 


1.76  -1.92 
3.89  *a20 


Organic  carbon 


Seeded  vs  Non-seeded    non-seeded    0.92  -  .20 

seeded       0.71  -  .22 


Mycorrhizal    Fungi 
(mpn/g) 


Seeded  vs  Non-seeded 


non-seeded 
seeded 


29  -       .21 
,14  *       .12 
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fact,  there  were  no  substantial  differences  in  plant  cover  between  seeded  and 
unseeded  halves  of  the  stockpile.  Erosion  of  the  pile  surface  was  severe  and 
most  seeds  were  probably  lost  prior  to  germination.  Pioneer  species,  notably 
Halogeton  glomeratus  and  Bromus  tectorum,  did  colonize  the  pile,  but  their 
distributions  were  uniform.  Therefore,  differences  in  soil  characteristics 
between  the  seeded  and  non-seeded  portions  of  the  stockpile  must  be  attributed 
to  some  factor  other  than  the  seeding  treatment. 

Soil  respiration  levels  are  another  indicator  of  overall  biological  activity. 
Respiration  in  the  stockpiled  soil  was  somewhat  lower  than  in  surrounding  un- 
disturbed soils.  It  did  not  vary  with  depth  in  the  pile,  but  it  was  greater 
in  the  seeded  half  (Table  7.1-15).  The  reasons  for  this  are  not  clear.  As 
previously  discussed,  it  is  not  attributable  to  the  seeding  treatment. 

Bacteria  were  most  numerous  at  the  60  cm  level,  and  it  is  thought  that 
this  represents  a  zone  which  is  reached  by  rainfall  percolation,  but  which 
does  not  become  drastically  desiccated  during  droughts.  Populations  at  the 
surface  of  the  pile  were  comparable  to  those  of  surrounding  undisturbed  soil 
and  of  previously  sampled  soils  as  reported  in  1981.  Total  bacteria  counts 
were  not  significantly  correlated  with  any  measured  parameter. 

Populations  of  soil  fungi  were  positively  correlated  with  moisture  con- 
tent (Table  7.1-14),  another  indication  of  the  importance  of  soil  moisture 
for  microbial  activity  in  an  arid  environment.  Populations  did  not  vary  sig- 
nificantly with  depth,  nor  was  there  any  major  difference  between  the  seeded 
and  non-seeded  areas  of  the  pile. 

Populations  of  VAfI  fungi  (Table  7.1-15)  were  significantly  greater 
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(a=  .10)  in  the  unseeded  half  of  the  pile.  Again,  this  is  not  to  be  attributed 
to  the  seeding  treatments,  but  is  probably  due  to  a  higher  content  of  plant 
material  in  that  half  of  the  pile.  This  is  supported  by  the  higher  content 
of  organic  carbon  in  samples  from  that  part  of  the  pile  (Table  7.1-15).  Ftngi 
survive  there  as  spores  and  in  root  fragments  in  stockpiled  topsoil  (Rives 
et^  al_. ,  1980),  and  their  numbers  are  related  to  the  content  of  organic  matter 
included  in  the  salvaged  soil  (Loree  and  Williams,  1981).  Populations  were 
negatively  correlated  with  depth  in  the  pile  (Table  7.1-14,15),  probably 
because  they  were  maintained  by  the  roots  of  plants  colonizing  the  stockpile. 

The  microbial  activity  of  the  stockpile  was  influenced  most  strongly  by 
the  availability  of  water.  Biological  activities  and  microbial  populations 
were  greatest  in  those  layers  of  the  stockpile  which  were  reached  by  perco- 
lating rainfall,  but  which  were  not  likely  to  dry  out  during  the  summer  months. 
Beyond  this  hydrologic  influence  and  the  apparent  effect  of  colonizing  grasses 
on  populations  of  mycorrhizal  fungi,  no  overriding  chemical ,  physical  or  bio- 
logical influences  on  the  survival  or  activity  of  microbial  populations  were 
detected.  After  one  year  of  storage,  populations  and  activities  were  generally 
comparable  to  those  of  undisturbed  soils  in  the  area. 

Long  term  storage  (e.g.,  3-10  years)  in  large  stockpiles  can  cause  changes 
in  many  of  these  parameters,  notably  in  populations  of  mycorrhizal  fungi  and 
N2  fixing  bacteria  (Cundell,  1977;  Rives  et  al_. ,  1980;  Williams,  et  al_.,  1981 ). 
These  organisms  are  important  for  seedling  establishment  during  revegetation 
(Reeves  et  al^. ,  1979)  and  it  is  desireable  to  maintain  their  populations 
during  soil  storage.  In  this  experiment,  populations  of  VAM  fungi  were 
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indeed  higher  in  the  surface  layers  of  the  pile,  probably  because  they  were 
maintained  by  roots  of  cheatgrass.  It  may  be  possible  to  maintain  higher 
levels  of  microorganisms  in  general  and  VAM  fungi,  in  particular,  by  estab- 
lishing deep-rooting  niycorrhizal  plant  cover  on  topsoil  stockpiles.  This 
is  the  basis  of  a  more  extensive  experiment  which  is  now  in  the  planning 
stage,  and  which  is  being  designed  according  to  the  procedures  and  guide- 
lines established  by  the  study  reported  here. 

B.  Seedling  Establishment  on  Topsoil  Pile  and  Adjacent  Borrow  Area.  A 
topsoil  storage  pile  was  constructed  just  east  of  the  Section  6  study  site  in 
1981.  In  October  of  1981,  2/3  of  the  storage  pile  was  seeded  with  a  seed  mix 
containing  25%  grasses  and  75%  shrubs.  One  half  of  the  seeded  area  was  raked 
after  seeding.  The  other  seeded  portion  was  untreated.  The  other  third  of 
the  storage  pile  that  was  not  seeded  served  as  a  control  for  the  experiment. 

The  results  after  the  first  year  are  reported  in  Table  7.1-16.  The  por- 
tion of  the  stockpile  that  was  seeded  and  then  raked  showed  the  highest  seed- 

2  2 

ling  establishment,  0.25  seedlings/m  in  transect  1  and  1.0  seedlings/m  in 

2  2 

transect  2  of  sagebrush,  and  0.13  seedlings/m  and  0.13  seedlings/m  of  grease- 
wood  for  the  two  transects.  The  area  not  raked  but  seeded,  showed  0.13  seed- 

2  2 

lings/m  for  sagebrush  and  0  seedlings/m  of  greasewood.  No  seedlings  of 

seeded  species  were  observed  in  the  control  area.  The  amount  of  annual  cover 
was  essentially  the  same  for  the  three  study  areas  on  the  topsoil  pile. 

Adjacent  to  and  south  of  the  topsoil  pile  in  the  borrow  area,  two  areas 
one  2m  X  8  m  and  2  m  x  11  m  were  seeded  with  the  same  seed  mix  as  that  used 
on  the  topsoil  pile.  The  area  2  m  x  8  m  was  not  raked  after  seeding.  The 
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Table  7.1-16.  Results  of  seedings  on  topsoil  storage  pile  Section  6,  near  Bonanza, 
Utah,  October  1982. 


Seed  raked  in 


Transect  1 : 


Species 


Plot  No. 


°   Average 


ARTRW  (seed1ing/m^)  2 

SAVE  (seed1ing/m2)  1 

Annual  Cover  (%)  50  40    35    15   40 

SAKA  (%)  65 

BRTE  {%)  25  50    10     30    5 

HAGL  {%)  10  50    90     70   95 


10 
100 


25 


14 


100   100 


0.25 
0.13 

29 

21 

40 

39 


Transect  2: 
Species 


8   Average 


ARTRW  (seedl1ng/m^) 
SAVE  (seedling/m^) 
Annual  Cover  (%)    15 
SAKA  (%) 

BRTE  {%)  45 

HAGL  {%)  55 


20 


100   100 


8 

1.00 

1 

0.13 

4 

20 

40 

30 

45 

23 
0 

100 

1 

10 

70 

90 

65 

99 

90 

30 

10 

36 

Seed  Not  Raked  In 


Species 


Average 


ARTRW  (seedling/m^) 
SAVE  (seedling/m2) 
Annual  Cover  (;;) 

SAKA  (%) 

BRTE  (%) 

HAGL  {%) 

TAOF  (%) 


60 
100 


1 

0.13 
0 

85 

60 

4 

4 

15 

20 

45 
30 

37 
4 

90 

30 

100 

100 

100 

30 

10 

70 

8 

70 

70 

60 

26 

2 

0.3 

Control  (Not  Seeded) 
Species 


7      Average 


ARTRW  (seedling/m^) 
SAVE  (seed1ing/m2) 
Annual   Cover  («) 

SAKA  (%) 

BRTE  (%) 

HAGL   {%) 

cau      (%) 

TAOF  {%) 


50 
20 
40 

40 


20 

5 
95 


3 
100 


8 
60 
40 


30 

15 
85 


85 
10 
65 
25 


50 

85 
13 


0 

0 
38 

4 
53 
38 

6 

0.3 
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2  m  X  n  m  area  was  raked  after  seeding.  The  area  raked  favored  sagebrush 

2  7 

seedling  emergence,  2.5  seedlings/m  in  comparison  to  0.2  seedlings/m  for 

the  un raked  area.  Also  in  the  borrow  area  seedlings  of  globemallow  and 
locoweed   were  found.  Neither  species  was  part  of  the  seed  mix. 

7.1.4.6  Interseeding  and  Interpl anting  Existing  Shrub  Vegetation.  As  a 
means  of  increasing  the  wildlife  carrying  capacity  of  existing  shrub  dominated 
vegetation,  interseeding  and/or  interpl anting  has  been  suggested.  A  study 
was  established  in  October  1981  to  test  the  hypothesis  that  scattered  inter- 
plantings  of  container  grown  plants  could  survive  and  increase  community  diver- 
sity and  productivity.  A  corollary  hypothesis  of  the  study  tested  direct 
seeding  (drilled  and  broadcast)  to  increase  diversity  and  productivity. 

The  study  was  established  inside  the  Section  6  research  exclosure  south 
of  the  gate.  Four  replications,  two  in  sites  with  minimal  understory  plants 
and  two  in  areas  with  dense  understory  of  cheatgrass,  were  seeded  and  trans- 
planted. The  species  transplanted  included  gardner  saltbush,  fourwing  salt- 
bush,  rubber  rabbitbrush,  and  Wyoming  big  sagebrush  (Artemisia  trident at a 
wyomingensis). 

The  direct  seeding  portion  of  the  study  was  accomplished  by  broadcast 
seeding  followed  by  raking  to  simulate  a  chain  drag.  Drill  seeding  was  accomp- 
lished with  a  hand-push  single  furrow  seeder. 

The  survival  and  growth  of  the  four  species  transplanted  were  observed 
in  June  and  October  of  1982.  The  results  are  present  in  Table  7.1-17  and  a 
summary  of  the  data  in  Table  7.1-18.  In  the  areas  with  a  heavy  annual  cover, 
only  one  plant  of  gardner  saltbush,  15  fourwing  saltbush  and  12  Wyoming  big 
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Table  7.1-18.  Sunmary  of  Interplantings  and  Interseedings  at  Section  6, 
Near  Bonanza,  Utah,  June  &  October  1982. 

%   Survival  of  Transplants 


W/Annual 

Cover 

Species 

Site 

June 

October 

Site 

ATGA 

A 

8 

0 

B 

AVG. 

C 

0 
4 

0 
0 

D 

ATCA 

A 

46 

0 

B 

C 

69 

0 

D 

AVG. 

57.5 

0 

CHNA 

A 

0 

0 

B 

AVG. 

C 

0 

0 

0 

0 

D 

ARTRW 

A 

23 

23 

B 

C 

69 

54 

D 

AVG. 

46 

38.5 

Bare 

iground 

June 

October 

23 

0 

8 

0 

15.5 

0 

92 

31 

50 

0 

71 

16.5 

46 

0 

0 

0 

23 

0 

85 

77 

54 

77 

69.5     77 


Drilled 
Grasses 

AVG. 
Shrubs 


AVG. 


Broadcast 
Grasses 

AVG. 
Shrubs 


AVG. 


Seeding  Trials 

f 

0. 

Oct.  Site     June         Oct. 


No.   Seedlings/Linear  M 
W/Annual   Cover  Bareground 


Site 

June 

A 

0 

C 

.3 

.15 

A 

0 

C 

.3 

0  B  2.5          0 

0  D  0              0 

-Q-  .13        0 

0  B  .2          0 

0  ■     D  _0_       _0_ 

T5             "0"  .10 

No.  Seedlings/rr 

W/Annual   Cover  Bareground 

Site     June             Oct.  Site  June        Oct. 

~A~"     "0"               0  B  .2            0 

COO  D  _0_       _0_ 

T"               no  .10 

A           0                   0  BOO 

CO                   0  D  _0_         _0_ 

-r         -r  0  0 
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sagebrush  survived  after  eight  months.  Five  months  later,  only  10  Wyoming 
big  sagebrush  plants  appeared  to  be  alive. 

All  four  species  survived  in  the  bareground  areas  after  eight  months. 
Eleven  garder  saltbush,  15  fourwing  saltbush,  6  rabbitbrush  plants,  and  18 
Wyoming  big  sagebrush  showed  growth  in  June  of  1982.  By  October  of  1982, 
gardner  saltbush  and  rubber  rabbitbrush  had  suffered  100%  mortality.  Four- 
wing  saltbush  had  been  reduced  to  four  plants.  However,  Wyoming  big  sage- 
brush had  actually  showed  some  resprouting  from  plants  previously  determined 
to  be  dead  and  20  live  plants  were  observed  in  October  of  1982. 

The  low  survival  of  rubber  rabbitbrush  and  gardner  saltbush  may  be  attri- 
butable to  the  environmental  conditions  characteristic  of  the  study  area.  How- 
ever, the  mortality  of  the  fourwing  saltbush  and  Wyoming  sagebrush  can  be 
almost  entirely  attributable  to  animal  damage.  Figures  7.1-8  and  7.1-9  show 
the  heavy  utilization  of  fourwing  saltbush  and  Wyoming  big  sagebrush.  The 
plants  lost  between  June  and  October  of  1982  showed  signs  of  severe  grazing 
by  rodents  and  rabbits,  and  except  for  a  few  plants  lost  to  erosion,  probably 
accounts  for  the  low  overall  survival  of  fourwing  saltbush  especially,  and 
to  some  extent,  Wyoming  big  sagebrush. 

The  seeding  trials  both  drill  and  broadcast  on  the  area  with  annual  cover 
showed  some  success  in  June  (Table  7.1-18),  but  by  fall  no  seedlings  were 
found  on  any  of  the  treatment  areas.  Seeding  does  not  appear  to  be  a  viable 
alternative  to  enhance  plant  diversity  and  productivity. 

The  percentage  of  annual  cover  was  estimated  by  randomly  placing  a  quad- 
rat 0.5  m  X  0.5  m  in  each  of  the  two  study  areas.  The  area  designated  as 
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Figure  7.1-8. 


Heavy  utilization  by  rodents  accounted  for 
fourwing  saltbush  transplants  used  for  the 
study  at  Section  6  near  Bonanza,  Utah. 


low  survival  of 
interplanting 


7-59 


Figure  7.1-9.  Even  though  heavily  grazed  Wyoming  big  sagebrush  showed  the 
highest  survival  of  the  four  species  used  in  the  inter- 
planting  study  at  Section  6  near  Bonanza,  Utah. 
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"with  annual  cover"  was  estimated  to  have  57%  annual  cover  in  June  and  38% 
in  October.  The  "bareground"  area  had  2%  cover  in  June  and  less  than  1%  in 
October.  Annual  cover  was  exclusively  cheatgrass. 

7.1.4.7  Greenhouse  Studies  of  Circular  Grate  Processed  Shale  Proper- 
ties. 

A.  Freeze/thaw  effect  on  physical  properties  of  circular  grate  pro- 
cessed shale.  The  effect  of  freezing  and  thawing  on  the  physical  proper- 
ties of  circular  grate  processed  shale  was  tested  in  the  laboratory  at  NPI. 
The  availability  of  water  for  plant  growth  is  dependent  on  the  physical  char- 
acteristics of  the  shale,  particularly  texture.  To  test  the  effects  of 
freeze/thaw  cycles  on  particle  size,  ten  samples  of  processed  shale,  each 
consisting  of  materials  that  would  not  pass  through  a  6.35  mm  screen,  were 
wrapped  in  several  layers  of  cheesecloth,  moistened  with  distilled  water,  and 
allowed  to  drain.  The  samples  were  then  placed  in  a  freezer  at  approximately 
-5°C  for  15  hours,  removed  and  then  allowed  to  thaw  to  20°C  for  nine  hours, 
allowing  for  complete  freezing  and  thawing  in  one  24  hour  period.  Each 
sample  was  moistened  2-5  times  during  the  freeze/thaw  cycle  to  compensate  for 
evaporation. 

After  31  freeze/ thaw  cycles,  the  shale  was  removed  and  sampled  for 
particle  size  using  a  standard  wet  sieving  process  (Table  7.1-19).  The 
freeze/thaw  cycles  simulated  in  this  study  had  a  \/ery   dramatic  effect  on  the 
physical  structure  of  the  shale  particle  size  (Figures  7.1-10  and  7.1-11). 
Of  the  original  shale  sample  over  6.35  mm  in  size,  only  16%  of  it  by  weight 
did  not  break  down  into  smaller  particle  sizes.  Seventeen  percent  was  less 
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Figure  7.1-10. 


Photographic  display  of  particle  size  of  circular  grate  pro- 
cessed shale  prior  to  the  freeze/thaw  treatment. 


FRE-FREEZE/THAW  MATERIAL. 


>'^m 


Figure  7.1-11.  Particle  size  comparision  after  31  freeze/thaw  cycles 


4cm 


POST-FREEZE/THAW  MATERIAL 
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than  6.35  nm  and  greater  than  2  mm.     The  majority  (67%)  was  less  than   .425  mfn, 
a  substantial   reduction  from  the  original   particle  size. 

In  addition  to  wet  sieving   the    shale  samples  after  treatment,  EC  and 
pH  were  determined  for  the  shale  material   prior  to  and  after  the  freeze/thaw 
treatment  (Table  7.1-19).     The  pH  dropped  from  11.26  to  8.21   and  the  EC 
from  5.61   to  0.82. 

B.     Leachate  experiment  on  Circular  Grate  Processed  Oil   Shale.     Leach- 
ing studies  were  initiated  in  October  1982.     The  purpose  was  to  evaluate  the 
effects  of  leaching  on  the  chemical   properties  of  circular  grate  processed 
shale,  especially  with  regard  to  those  water-quality  parameters   important  for 
plant  growth. 

The  predictive  capability  of  such  studies  are  often  limited  by  a  number 
of  factors,  which  should  be  brought  to  the  readers  attention  at  the  outset. 
Oil  shales  are  often  highly  saline,  highly  alkaline, with  sulfate  ions  in 
either  the  runoff  or  leachate  (McKell   et  al_. ,  1979,  Schmehl   and  McCaslin, 
1979;  Ward  et  al_. ,  1971).     Electrical  conductivity  values  may  commonly  range 
from  9.0  to  22.0  mmhos/cm  (Schmehl   and  McCaslin,  1973)   for  processed  shales 
evaluated  as  a  saturation  extract  or  9.8  to  22.0  mmhos/cm  for  1:1   extracts 
of  Paraho  processed  shales.     Due  to  complex  solubility  relationship  existing 
in  shale  water  systems,  comparisons  between  values  reported  by  different 
researchers  are  difficult.     These  are  further  compounded  by  differences  in 
methodology,   including  sieving,  extraction  procedures,  and  analytical     tech- 
niques. 

Numerous  other  problems  are  inherent  which  complicate  efforts  to  analyze 
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salt-release  potentials  of  spent  shale.     Basically,  processed  shales  vary 
widely  between  lithologic  units  and  locations.     They  may  also  exhibit  a  wide 
range  of  properties  due  to  variations  in  retort  procedures  including  tempera- 
ture and  particle  size  of  the  feedstock  disposal  methods. 

Despite  these  limitations,   research  can  provide  information  on  the  qual- 
ity of  processed  shale  for  plant  growth.     The     leachate  study  being  conducted 
by  Native  Plants  will   provide  an  ongoing  assessment  of  the  salt-release 
potential  of  the  circular  grate  material. 

In  previous  studies  (FranswcO'  and  Wagenet,  1981)   it  was  found  that 

" if  an  accurate  laboratory  assessment  of  water  soluble  salts  and  ions 

for  field  situations  is  wanted,  unsieved  shale  should  be  used".       For  these 
and  related  practical   reasons,  unsieved  shale  material  was  used  for  this  study. 
Furthermore,  these  researchers  found  that  "the  readily  soluble  and  mobile 
nature  of  the  salts,   as  demonstrated  by  the  continuous  ponding  experiments, 
indicated  a  need  to  examine  the  behavior  of  these  salts  under  conditions 
more  reasonably  approximating  a  field  case."     In  their  studies,  large  pulses 
of  water  apparently  resulted  in  a  much  deeper  wetting  of  the  processed  shale 
profiles.     These  findings  guided  our  research. 

Four  leaching  columns  of  approximately  120  cm  in  depth  were  packed  with 
unsieved,  circular  grate  processed  shale  to  a  bulk  density  between  1.28  and 
1.40  g/cm  .     Glass  wool  was  placed  between  the  shale  and  the  bottom  of  the 
column  to  facilitate  filtering  of  finer  shale  particles  transported  through 
the  leaching.     Due  to  a  limited  supply  of  material,  replications  in  the  levels 
of  watering  were  not  possible.     Continuous  ponding  with  distilled  water  was 
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repeated  on  all  four  columns.  At  the  time  of  the  report,  one  pore  volume 
of  material  has  been  leached  from  each  column  (Table  7.1-20). 

The  pH  was  determined  using  a  1  to  1  soiliwater  extract  and  then 
measured  on  a  Corning  model  125  pH  meter.  A  saturation  extract  was  used  to 
measure  EC  and  ppm  of  Ca,  Mg,  As  and  K  was  estimated  using  atomic  absorption 
analysis  with  an  ammonium  acetate  extractable.  The  sodium  absorption  ratio 
(SAR)  was  determined  following  the  techniques  of  Richards,  et^  al^. ,  (1954). 

Analyses  of  the  leachate  from  the  1st  pore  volume  showed  a  substantial 
increase  in  the  amount  of  salts  present.  The  percentages  of  available  cal- 
cium and  potassium  removed  from  the  previously  unleached  shale  were  90  and 
89,  respectively.  Only  15%  of  the  available  magnesium  and  18%  of  the  avail- 
able sodium  were  removed.  The  sodium  absorption  ratio,  pH  and  EC  of  the 
leachate  reflect  the  increase  in  the  amount  of  available  salts.  Subsequent 
pore  volumes  are  being  leached  and  will  be  analyzed  upon  completion  of  this 
phase  of  research.  Due  to  the  limited  quantity  of  material  provided,  salt 
release  patterns  as  a  function  of  the  depth  and  time  were  impractical. 

C.  Seedling  Survival  and  Growth  on  Circular  Grate  Processed  Shale.  The 
greenhouse  transplant  experiment  was  designed  to  screen  various  plant  species 
for  growth  and  survival  in  processed  shale.  The  advantage  to  laboratory 
screening  is  that  it  gives  quick  results  for  relatively  little  cost.  These 
results  will  then  be  useful  for  designing  field  test  plot  studies. 

Twelve  species  including  grasses,  forbs,  and  shrubs  (Table  7.1-21)  with 
20  replications  were  selected  to  monitor  survival  and  growth  in  circular 
grate  processed  shale.  Seedlings  were  transplanted  with  the  soil  plug  after 
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Table  7.1-20.  EC,  pH  and  elemental  analysis  of  shale  and  first  pore  volume 
leach ate. 


Leachate  -  First  Pore  Volume 


Column 

pH 

EC  (mnhos/cm) 

Ca(ppm) 

Mg(ppm) 

Na  (ppm) 

K  (ppm) 

SAR 

1 

7.23 

4.96 

75 

62 

1041 

100 

21.53 

2 

7.22 

4.91 

100 

91 

894 

94 

15.56 

3 

7.24 

5.24 

127 

81 

606 

95 

20.67 

4 

8.03 

4.47 

109 

88 

990 

81 

17.09 

Average 

7.43 

4.90 

103 

81 

883 

93 

18.71 

Standard 
Deviation 

.40 

.32 

22 

13 

194 

8 

2.85 

Unleached 

Shale 

Sample     pH 

EC  (mmhos/cm) 

Ca  (ppm)   Mg  (ppm) 

Na  (ppm) 

K  (ppm) 

SAR 

A       10.34 

10.51 

104 

549 

4413 

105 

38.24 

B       10.31 

10.12 

120 

524 

5395 

99 

47.35 

C       10.33 

10.85 

117 

538 

4980 

112 

43.27 

Average  10.33 

10.49 

114 

537 

4929 

105 

42.95 

Standard 
Deviation       .02 

.37 

9 

13 

493 

7 

4.56 
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the  first  true  leaf  had  formed.  The  experiment  was  initiated  in  November  1982 
and  transplanting  into  the  shale  began  in  December  1982  and  at  the  time  of 
report  preparation  is  continuing  due  to  the  various  dormancy  and  germination 
requirements  of  each  species.  An  individual  seedling  was  transplanted  into  a 
60  mm  X  40  mm  X  50  mm  cell  which  contained  the  processed  shale  (Figure 
7.1-12).  Transplants  were  watered  daily  or  every  other  dcy  depending  on  the 
shale  moisture  content.  Water  volumes  were  small  to  avoid  leaching.  The 
intent  of  the  study  was  to  optimize  all  factors  for  growth  except  for  the  soil 
media  which  was  processed  shale.  Any  adverse  growth  responses  could  then  be 
attributable  directly  to  the  shale,  such  as  micronutrient  deficiencies  or  poor 
root  penetration.  Seedling  height  was  measured  at  the  time  of  transplanting 
into  the  shale  and  then  again  after  six  weeks.  If  a  seedling  died  it  was 
replaced  only  once.  After  six  weeks  of  growth  in  processed  shale,  several 
transplants  were  excavated  to  evaluate  root  growth.  The  roots  were  found 
throughout  the  shale  material;  some  had  even  grown  out  of  the  bottom  of  the 
pots. 

Only  three  species  to  date  have  completed  the  six  week  experiment. 
Western  wheatgrass  (Agropyron  smithii)  had  100%  survival  and  showed  an 
increase  in  growth  of  107  mm.  Crested  wheatgrass  and  Russian  wildrye  also  had 
100%  survival  and  increased  growth  was  59  mm  and  55  mm,  respectively. 
Although  all  20  replications  of  needle  and  thread  grass  (Stipa  comata)  have 
not  completed  the  six  week  growth  period,  it  appears  this  species  will  have 
the  least  increase  in  growth  (11  mm)  among  the  grasses.  No  data  as  yet  has 
been  collected  from  Indian  ricegrass  (Oryzopsis  hymenoides). 
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Figure  7.1-12.    Example  of  planting  flat  used  to  evaluate  seedling  growth 
and  survival   in  processed  shale. 
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One  forb  species,  blue  flax  (Linum  lewisii)  has  demonstrated  fairly  good 
growth  in  processed  shale.  Blue  flax  has  had  15  individuals  complete  six 
weeks  growth  in  the  shale,  with  an  average  growth  of  27  mm.  Northern  sweet- 
vetch  (Hedysarum  boreal e)  has  grown  only  2  mm  (average  of  11  individuals)  and 
many  have  lost  leaves  and  appear  to  be  showing  micronutrient  deficiences.  No 
data  has  been  collected  from  the  globemallow  (Sphaeralcea)  to  date.  Seeds 
from  this  species  have  a  long  dormancy  and  low  germination  percentage,  as 
demonstrated  in  the  seed  germination  experiment. 

Shrub  species  are  generally  slower  growing  than  the  grasses  and  forbs. 
Fourwing  saltbush  grew  9  mm  (10  individuals).  No  data  as  yet  has  been  collected 
on  greasewood. 

From  observation,  the  grasses  appeared  to  have  normal  growth  and  form. 
Blue  flax  appeared  normal,  although  a  few  individuals  shortly  after  the  six 
week  growth  period  have  died  and  others  are  losing  the  lower  leaves.  Only 
one  or  two  individuals  of  northern  sweetvetch  appear  normal  in  growth  and 
form.  Many  of  the  others  show  a  constricting  and  weakening  on  the  stem  at 
the  shale  line.  Big  sagebrush  also  has  shown  constricting  and  bending  at  the 
shale  surface.  Fourwing  saltbush  appeared  normal  until  about  five  weeks  into 
the  experiment  when  the  tops  began  to  constrict  and  bend  over.  Appearance 
of  these  plants  indicated  either  toxicities  or  micronutrient  difficiencies. 

D.  Seed  Germination  Study  on  Circular  Grate  Shale.  The  seed  germina- 
tion study  in  processed  oil  shale  was  designed  to  give  preliminary  data  on 
species  which  are  able  to  germinate  under  high  EC  and  pH  levels  and  under 
different  soil  moisture  conditions.  Germination  tests  were  conducted  in 
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Union    processed  shale  rather  than  circular  grate  processed  shale  since  there 
was  not  enough  circular  grate  processed  shale  for  all  tests  scheduled.     Cir- 
cular grate  processed  shale  that  is  left  from  the  transplant  and  leaching 
experiments  will   be  used  in  a  germination  test  during  spring  1983. 

Three  separate  oil   shale  germination  study  plots  measuring  53  cm  x  91  cm 
X  5  cm  were  established  on  July  30,  1982,  outside  NPI  offices  in  Salt  Lake 
City.     Each  species  was  sown  in  separate  rows  at  a  rate  of  16.8  kg  PLS/hectare, 
The  plots  were  subjected  to  three  different  watering  regimes:     13  mm  water 
daily;   13  mm  water  e\/ery  three  days;  13  mm  water  every  week  (Figure  7.3-13). 
Watering  amounts  were  intended  to  simulate  conditions  that  could  be  expected 
at  the  Utah  site.  All   soils  were  watered  to  field  capacity  to  begin  the  test- 
ing.    Germination  was   recorded  daily  for  31   days  and  periodically  thereafter. 

The  species  used  in  the  experiment  were: 

^^^^  Grasses 

Hedysarum  boreal e  Agropyron  cristatum 

Sphaeralcea  ambigua  A^  trichophorum 

S^.  munroana  Elymus  junceus 

Shrubs 

Artemisia  tridentata 
A.  nova 

Atrip! ex  canescens 
A.  cuneata 
Ceratoides  lanata 
Chrysothamnus  nauseosus 
Sarcobatus  vermiculatus 

The  number  of  emerging  seedlings  of  each  species  was  recorded  daily. 

Since  the  ultimate  objective  was  to  evaluate  seedling  survival,  the  first 

several  days  after  emergence  no  seedlings  were  removed.  The  procedure, 
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Figure  7.1-13.  Seed  germination  study  layout  at  office  headquarters  of  Native 
Plants,  Inc. 
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however,  made  it  impossible  to  obtain  the  total  number  of  seeds  germinating 
over  the  course  of  the  experiment.     What  is  reported  is  the  maximum  number 
of  seeding  occurring  at  any  one  day. 

The  number  of  living  seedlings  observed  each  day  on  the  "daily  watered" 
plot  is  given  in  Table  7.1-22.  Figures  are  not  given  for  the  other  two  plots 
since  no  germination  occurred  on  either  plot. 

The  three  study  plots  will   be  left  intact  for  periodic  observation 
throughout  the  winter  and  spring.     Ambient  temperatures  and  soil   temperatures 
were  observed  during  the  31   day  trial.     On  August  10  the  ambient  high  temp- 
erature was  35°C,  the  soil   temperature  of  the  processed  shale  material  was 
40.5°C  at  h  inch       depth   (approximate  depth  of  seed).     Soil   temperatures 
ranged  from  2°  to  9°C  wanner  than  the  ambient  temperature,  depending  on  the 
degree  of  sunshine  or  clouds.     It  was  also  observed  that  watering  caused  a 
3°  to  15°C  drop  in  temperature  when  compared  to  non-watered  plots. 

7.1.4.8     Publications  Resulting  From  Project. 

Van  Epps,  G.   and  CM.  McKell.     1976.     Plant  rehabilitation  studies  on  dis- 
turbed soils  of  the  oil  shale  region  of  Utah.     Proc.   Soc.   Range  Mange, 
meetings,  Omaha,  Nebraska,  February. 

Crofts,   K.A.  and  CM.  McKell.     1977.     Sources  of  seeds  and  planting  materials 
in  the  Western  States   for  land  rehabilitation  projects.  Utah  Agricultural 
Experiment  Station  Land  Rehabilitation.     Series  No.  4.   19  pp. 

Crofts,   K.A.   and  CM.  McKell.     1977.     A  bibliography  of  perennial   Atriplex 
species  of  the  western  United  States.     Utah  Agriculture  Experiment  Sta- 
tion Land  Rehabilitation  Series  No.   3,  22  pp. 

McKell,  CM.     1978.     Establishment  of  native  plants  for  the  rehabilitation 
of  paraho  processed  oil   shale  in  an  arid  environment,     pp.   13-32.     ln_ 
R.A.  Wright  (ed.).     The  Reclamation  of  Disturbed  Arid  Lands,  Univ.   New 
Mexico  Press. 


7-74 


Table  7.1-22.  Daily  counts  of  genninated  seedlings  occurring  over  a  31  day 
period. 
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McKell,  CM.,  G.  Van  Epps,  and  S.G.  Richardson.  1979.  Plant  establishment 
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Reclamation  Symposium  Proc.  Coal  Conference  and  Expo  V.  Louisville,  KY. 

Barker,  J.R.  and  CM.  McKell.  1979.  Growth  of  seedlings  and  stem  cuttings 
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oil  shale.  Agron.  J.  72:946-950. 

Richardson,  S.G.  and  CM.  McKell.  1980.  Salt  tolerance  of  two  saltbush 
species  grown  in  processed  oil  shale.  J.  Range  Manage.  33:460-462. 

Wagenet,  R.J.,  D.F.  Fransway,  and  CM.  McKell.  1980.  Oil  shale,  potential 
resource  and  possible  environment  problem.  Utah  Science  41(2):44-48. 
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Van  Epps,  G.  and  CM.  McKell.  1980.  Revegetation  of  disturbed  sites  in  the 
salt  desert  range  of  the  Intermountain  West.  Utah  Agric.  Expt.  Station 
Land  Rehabilitation  Series  No.  5.  22  p. 

McKell,  CM.  1980.  Water  harvesting  --  a  method  for  establishing  vegeta- 
tion on  disturbed  sites  in  an  arid  environment.  Proc.  Conf.  Inter- 
national Erosion  Control  Assn.  Santa  Ana,  CA. 

George,  M.R.,  CM.  McKell  and  S.G.  Richardson.  1981.  The  establishment  of 
cheatgrass  (Bromus  tectorum)  on  spent  oil  shale  from  the  paraho  pro- 
cess. J.  Env.  Qual .   10:166-169. 

Richardson,  S.B.,  CM.  McKell,  M.  George,  and  G.  Gray.  1981.  Weathering 
effects  on  some  physical  and  chemical  properties  of  retorted  shale. 
J.  Env.  Quality  10:  221-224. 

McKell,  CM.  and  G.  Van  Epps.  1981.  Reclamation  of  processed  oil  shale 
disposal  areas:  a  future  challenge  to  resource  professionals.  Proc. 
Soc.  Range  Manage.,  Utah  Section  annual  meeting. 

Call,  CA.  and  CM.  McKell.  1982.  Vesicular-arbuscular  mycorrhizae  --  a 
natural  revegetation  strategy  for  disposed  processed  oil  shale.  Rec- 
lamation and  Revegetation  Res.  1:  337-347. 

Richardson,  S.G.  and  CM.  McKell.  1932.  Growth  response  of  two  saltbush 
species  to  nitrate,  ammonium  and  urea  nitrogen  added  to  processed  oil 
shale.  J.  Range  Manage.  35:  124-125. 

Wagenet,  R.J.,  CM.  McKell,  A.  Malek,  and  D.F.  Fransway.  1982.  Hydrologic 
properties  of  processed  oil  shale.  Reclamation  and  Reveg.  Research 
1:  33-50. 

McKell,  CM.  1982.  New  developments  in  soil  amendments  —  a  biologist's 
view.  Proc.  Fifth  High  Altitude  Symp.  Fort  Collins,  CO. 

Manuscripts  in  Press  or  Submitted 

Van  Epps,  G.A.  and  CM.  McKell.  1983.  Effect  of  weecly  annuals  on  the  sur- 
vival and  growth  of  transplants  under  arid  conditions.  J.  Range  Manage. 
Scheduled  for  publication  Aug.  1983. 

In  addition  to  the  above  publications,  the  following  students  prepared  theses 
on  research  at  USU  carried  out  on  the  reclamation  project. 

Name  Degree  Subject 

Kent  Crofts  M.S.  Atriplex  seedling  vigor 
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Name 

Eduardo  Alvarez 

Jerry  Barker 

Steven  Richardson 

Ali  Malek 

Chris  Call 


Degree 
M.S. 
M.S. 

Ph.D. 

Ph.D. 

Ph.D. 


Subject 

Sagebrush  propagation 

Container-grown  trans- 
plants for  establishment 
on  oil  shale  sites 

Salinity  tolerance  of 
shrubs  of  the  oil   shale 
region 

Water  harvesting  from  a 
processed  shale  disposal 
pile 

Mycorrhizal   relationships 
in  plant  establishment 
on  processed  shale 
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